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REL  . . . 
of  f-m 


wr 

r  manufacturer 
^rs,  has  been  en- 
gineeriit^ gear  around  Eimac 
Tubes  ever  since  1939. 

One  of  their  latest  designs  is 
illustrated  above  at  the  right — 
the  1000-watt  unit  with  Arm¬ 
strong  dual-channel  direct-crys¬ 
tal-controlled  frequency  modula¬ 
tion.  For  the  power  amplifier, 
shown  in  the  center,  REL  chose  a 
pair  of  Eimac  4X500A  tetrodes 
because  of  their  remarkable 
power  gain,  stability  to  frequen¬ 
cies  above  110  me,  and  efficiency. 
Actually,  70  per  cent  of  the  input 
to  the  final  amplifier  is  delivered 
to  the  load. 

In  the  REL  transmitter,  less 
than  20  watts  of  drive  produces 
the  rated  kilowatt.  In  fact,  a  pair 
of  Eimac  4X500A’s  can  deliver 
1750  watts  of  useful  output  with 
only  25  watts  of  drive;  while  four 
tubes  in  push-pull  parallel,  tak¬ 
ing  50  watts  on  the  grids,  put  out 
3500  watts. 


Unwavering  stability  is  achieved 
in  these  tubes  by  combination  of 
exclusive  Eimac  emission -con¬ 
trolled  grids  and  a  concentric- 
ground-plane  ring  terminal  for 
the  screen  grid.  Visible  in  the  ac¬ 
companying  illustration,  this  ring 
permits  finger  contact  with  chas¬ 
sis  ground  and  effective  isolation 
of  input  and  output  circuits.  Self 
oscillation  is  minimized  and  neu¬ 
tralization,  if  necessary,  is  made 
simple. 

FURTHER  POINTS 

GRIDS. ..Special  treatment  suppresses 
primary  emission  and  controls  sec¬ 
ondary  emission  to  add  efficiency  to 
stability.  One  hundred  per  cent 
useful  structure,  without  interfering 
supports,  and  precise  alignment  be¬ 
tween  control  grid  and  screen  give 
maximum  plate  efficiency  and  low 
grid  current. 

FILAMENT. ..Special  thoriated  tung¬ 
sten  provides  high  electron  emis¬ 
sion  at  low  temperature. 


EIMAC  4X500A  POWER 
TETRODE 

Electrical  Characteristics 


Filamont:  Thorialod  tungsten 

Voltage  . 

S.Ov 

Current . 

13.5  amp 

Direct  Interelectrode  Copacitonces 

(Average) 

Grid-plate . 

.  0.05 

Input . . 

.  I2.S  Mjtt 

Output . . 

.  5.7 

Maximum  Ratings 

Plate  voltage,  d-c  . . 

4000v 

Plate  current,  d-c . 

350  ma. 

Plate  dissipation . 

500  w 

Ask  for  full  details  on  these  and  other 
Eimac  tubes  for  f-m,  a-m,  television, 
and  industrial  applications  in  a  com¬ 
prehensive  range  of  power  and  fre¬ 
quency  capabilities. 

EITEL-McCULLOUGH,  INC. 

1367E  San  Mateo  Ave.,  San  Rruno,  Calif. 

Export  Agvntt:  FRAZAR  AND  HANSEN 
301  Cloy  Siroot,  Son  Froncitco  1 1,  Californio,  U.S.  A. 
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BUSINESS  BRIEFS 


By  W.  W.  MacDONALD 


most  disturbing  problem  faced  by 
the  group  he  knows  so  well  is  un¬ 
balanced  inventories.  In  this  re¬ 
spect  'distributors  and  manufac¬ 
turers  appear  to  be  in  the  same 
boat. 


Redesign  is  the  topside  topic  of 
the  month.  Object:  to  hold  prod¬ 
uct  prices  down  and  quality  up, 
or  at  very  least  to  embody  a  suffi¬ 
cient  number  of  improvements  to 
justify  higher  prices. 

Reported  in  January,  the  fear  is 
growing  among  manufacturers 
that  high  labor  and  material  costs 
might  result  in  the  pricing  of  some 
electronic  equipment  right  out  of 
the  market.  One  hears  it  expressed 
everywhere.  We  heard  it,  for  ex¬ 
ample,  even  amid  the  party  atmos¬ 
phere  of  a  recent  Sales  Managers 
Club  shindig  at  the  Hotel  New 
Yorker. 

Incidentally,  there  was  a  very 
good  magician  among  the  enter¬ 
tainers.  The  thought  occurred  to 
us,  in  view  of  the  current  pressure 
for  redesign,  that  he  might  make 
a  worthwhile  addition  to  some¬ 
body’s  engineering  staff. 


Consumer  Resistance  to  the  high 
prices  initially  placed  on  table 
model  radios  has  now  built  up  to 
the  point  where  many  such  sets  are 
going  begging  for  buyers.  We  pre¬ 
dicted  trouble  on  this  score  last 
month. 

A  certain  well-known  brand  is 
selling  in  the  midwest  for  (to  coin 
a  trick  merchandising  phrase)  cost 
plus  20  percent  loss. 


General  Electric  Speakers 
are  built  to  be  different- 
better.  For  warm,  live,  pulsat* 
ing  raifio  and  record  repro¬ 
duction,  iq>^cify  speakers 
General  Eleixric. 


Mobile  Radiophones  are  rolling 
up  impressive  installation  totals 
in  new  fields.  Taxicab  companies 
alone  bought  more  than  $4,000,000 
worth  in  1946  and  FCC  applica¬ 
tions  at  present  point  to  a  weekly 
sales  potential  of  $100,000.  We 
have  no  figures  on  actual  installa¬ 
tions,  but  telephone  company  ap¬ 
plications  filed  in  Washington 
during  the  year  represented  a  pro¬ 
posed  investment  of  $2,760,000. 


Chassis  Makers  note  a  tendency 
on  the  part  of  their  customers  to 
specify  elongated  and  other  weird¬ 
shaped  holes  which  will  accept 
component  parts  of  different 
makes.  (NEMA  and  ASA  officials 
say  the  trend  toward  standardiza¬ 
tion  of  parts  is  speeding  up,  much 
as  it  did  after  the  first  world  war.) 
Also  noted  is  the  more  frequent  in¬ 
clusion  of  mounting  brackets  of 
various  kinds  which  slightly  in¬ 
crease  chassis  costs  but  materially 
reduce  subsequent  assembly  time. 

J.  H.  Scheinman  of  Minute  Man 
Products  came  in  the  other  day  to 
suggest  that  radio  engineers  con¬ 
sult  with  their  metal  stampers 
early  in  the  design  stage  so  that 
the  latter  can  suggest  possible 
economies.  One  of  his  customers 
uses  one  die  and  movable  gages  to 
knock  out  five,  six  and  seven-tube 
chassis. 


#  ■•ttvr  tom  qualty 

#  Hlflh  wottago  hondWng  capacity 

#  Mo  mrplitg  of  voko  col 

#  Orotpr  locign  poMlbWHoo 

#  Ovorol  grootor  oMcioncy 
0  lottor  controlod  olr  gaps 

#  RlgMIty,  strongth,  JorobWty 


Component  Inventory  reports 
are  now  flowing  into  RMA  offices 
weekly  from  set  manufacturers. 
Items  on  which  they  are  short  as 
well  as  those  on  which  they  are 
long  are  listed,  facilitating  the  com¬ 
pletion  of  merchandise  by  swap¬ 
ping  among  members.  Names  are 
held  confidential  by  the  Association. 

We  wired  Bond  Geddes  just  be- 


Consult  General  Electric  now 
for  your  Speaker  requirements. 
Write  to:  General  Electric  Com¬ 
pany,  Electronics  Department, 
Syracuse  1,  N.  Y. 


STOCK  PRICES 

(Percent  decrease,  as  of  Dec.  26, 
from  1946  high) 

Bendix .  — 36% 

Cornell-Dubilier .  — 39 

Farnsworth  .  — 59 

GE .  —32 

Magnavox .  — 18 

Noblitt-Sparks .  — 22 

Philco  .  — 47 

RCA . .  —51 

Sperry .  — 51 

Sylvania  .  — 42 

Union  Carbide .  — 26 

Westinghouse  .  — 37 

Zenith .  — 54 

Dow-Jor«s  iRdattrial 
Average  .  —18% 


Distributors  of  electronic  equip¬ 
ment,  and  particularly  those  han¬ 
dling  radio  receivers,  report  that 
they  are  already  encountering  seri¬ 
ous  resistance  to  higher  prices, 
substantiating  manufacturer  mis¬ 
givings.  We  get  this  from  O.  Fred 
Rost,  editor  of  Electrical  Whole¬ 
saling,  who  says  that  the  second 
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THE  BUILT-IN  LOOP  ANTENNA  AND  CABINET  BACK 


INVISTIGATI 


one  of  a  battery  i 

'  ,  I.; 

of  presses  die 
stamping  AIRLOOPS 
out  of  flat 
sheet  copper 
at  1400  per  hour 


PRODUCING  PRECISION 
MADE  AIRLOOPS  WHICH 
PROVIDE  BETTER 
PERFORMANCE 
AT  LOWER  COSTS  j 


*  are  tower  in  cost 

*  increase  sensitivity 

*  have  high  uniform 
"Q"  over  .entire 
band 

*  have  low  distributed 
capacity 

*  have  27%  greater 
effective  loop  area 

*  have  electrical  and 
mechanical  stability 

*  are  back  panel  and 
loop  in  one 

*  eliminate  individual 
loop  adjustment  on 
assembly  line 

o  effect  maximum 
space  utilization 

*  eliminate  haywire 

*  are  air  dielectric 
throughout  their 
entire  length. 


Compare 

AIRLOOPS 

with 

conventional 
loops . . . 
you'll  agree 
no  set 
builder  cari 
afFord  to 
overlook  the 
significance 
.  of  the 


*1,401411 


■Mir 
WfP  ' 

S 

Pf  I'F, '' 

■n4 

\.,taggeii  for  the  big  jobs! 


BUSINESS  BRIEFS 


(continued) 


HEXACON 

ELECTRIC 

SOLDERING 

IRONS 


Follow  the  leaders  —  and  you'll  use 
HEXACON!  For  rugged,  heavy  duty 
work  or  for  light,  intricate  work  .  .  for 
continuous  production  or  hard-to>get  at 
here's  the  answer.  One  reason 
is  "Balanced  Heat" — dissipating  excessive 
element-impairing  heat  —  and  minimizing 
element  burn-outs  and  tip  replacements. 
Another,  is  their  light  weight,  efficiency  end 
dependability. 

LITERATURE  AVAILABLE— The  complete 
HEXECON  line  of  screw  tip  and  plug  tip  irons 
from  40  to  700  watts,  and  with  tip  diameters 
ranging  from  to  l%",  is  fully  illustrated  and 
described.  Write  today;  no  obligation. 

HEXACON  ELECTRIC  CO. 

130  W.  CLAY  AVENUE.  ROSELLE  PARK.  N.  J. 


fore  presstime  and  asked  him  to 
list  current  shortages  for  us  in 
order  of  importance.  Back'came  a 
telegram  reading  as  follows :  Prin¬ 
cipal  current  shortages  are  cab¬ 
inets,  tubes,  speakers,  volume  con¬ 
trols  and  some  condensers.  Major 
materials  short  lead,  copper  and 
certain  steel  plate  stampings. 

CAA  has  announced  that  lack  of 
funds  will  close  57  aeronautical 
communication  stations  and  three 
airport  control  towers.  This  dark 
cloud  exhibits  some  silver  lining, 
however. 

There  is  no  indication  of  cuts  in 
the  Authority’s  radio  research  and 
development  program.  It  will  ask 
for  $180,000  in  the  year  ending 
June  1947,  as  against  $80,000  in 
the  previous  12  months.  $900,000 
is  the  figure  in  mind  for  the  year 
ending  June  1948  but  our  Wash¬ 
ington  informant  thinks  this  will 
be  cut  somewhat  by  the  Budget 
Bureau  before  it  gets  to  Congress. 

Radio  Receiver  Production 
should  run  somewhere  between  13 
and  18  million  sets  for  1947,  think 
industry  leaders.  Around  20  per¬ 
cent  of  them  may  include  f-m. 

Radio  Exports  totalled  $27,000,- 
000  in  the  first  eight  months  of 
1946,  Brazil  taking  one  fifth,  and 
being  our  best  customer.  Canada, 
Mexico,  Argentina,  China  and  the 
Union  of  South  Africa  were  next  in 
line,  in  this  order. 

Egg  And  Chicken  Question  that 
puzzled  our  ancestors  had  to  do 
with  which  came  first.  Modern 
counterpart  involves  f-m  and  tele¬ 
vision.  and  until  recently  there 
was  a  lot  of  speculation  as  to 
which  one  would  c^e  first  com¬ 
mercially. 

Now  an  answer  appears  to  be 
emerging  from'  th^  engineering 
and  economic  mists.  They  seem  to 
be  coming  along  together.  Tele¬ 
vision  is  being  aggressively  pushed 
into  the  limelight  by  a  few  big 
companies  whose  production  lines 
are  at  long  last  starting  to  roll. 
But  f-m  is  likely  to  make  up  for  its 
comparative  lack  of  flash  in  1947 
by  virtue  of  the  fact  that  a  larger 
number  of  manufacturers  will  pro¬ 
duce  and  promote  it. 
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F-M  Applications  filed  with  the 
FCC  between  January  1939  and  Oc¬ 
tober  1946  break  down  as  follows : 

70.8  percent  from  owners  of  a-m 
stations  (some  with  newspaper  in¬ 
terests),  12.3  from  non  a-m  news¬ 
paper  interests,  and  the  remaining 

16.9  from  people  having  neither 
a-m  station  nor  newspaper  inter¬ 
ests. 

Television  Receiver  Production 
should  hit  between  320,000  and 
360,000  in  1947,  thinks  RMA’s  R. 
C.  Cosgrove.  (RCA  is  set  up  to 
produce  160,000  sets  at  an  average 
list  of  about  $400,  according  to 
George  Beers.  $600,000  worth  of 
testing  facilities  have  already  been 
set  up.  ) 

Speaking  Of  Color,  a  rooter  for 
black-and-white  television  re¬ 
marked  the  other  day  at  an  oflf-the- 
record  meeting  that  the  word  red 
is  frequently  coupled  with  the 
word  herring. 

Receiving  Tube  Sales  for  1946 
totalled  between  193  and  195  mil¬ 
lion,  says  M.  F.  Balcom,  chairman 
of  RMA’s  tube  division,  who  thinks 
production  and  demand  will  be 
substantially  in  balance  by  spring. 
Current  production  is  running 
about  40  percent  better  than  in 
1941. 


Broadcast  Networks  total  38,  the 
number  of  affiliated  stations  rang¬ 
ing  from  384  in  the  case  of  Mutual 
down  to  three.  American  has  238, 
Mississippi  Valley  78,  Don  Lee  39, 
Yankee  23,  Quaker  18,  Texas  State 
16,  Wolverine  14,  Northwest  12 
and  Arkansas  10. 


Spurs,  Helicals,  Straight  Bevels,  Sprockets, 
Racks,Worms,Worm  Gears,  Thread  Grinding 
Complete  Gear  Trains 


Employable  Veterans  available 
through  the  New  York  offices  of 
the  Veterans'  Administration 
alone  total  several  hundred  at  the 
present  time.  L.  S.  Krull  of  the 
Rehabilitation  Training  and  Edu¬ 
cation  Subdivision  (252  7th  Ave¬ 
nue)  dug  out  the  following  facts 
about  men  anxious  to  secure  tech¬ 
nical  jobs  in  the  electronics  field 
for  us : 

Average  age  24,  two  years  high- 
school,  attended  some  civilian  ra¬ 
dio  school.  About  1  percent  have 
some  pre-war  radio  experience,  20 
percent  were  radio  technicians  in 
the  services,  2  percent  have  had 
some  practical  radio  experience 
nnce. 


Write  Today  for  this 
FREE  BULLETIN 


Describes  Beaver  Gears  facilities  and 
methods,  also  includes  table  of  gear 
tooth  parts. 
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What?  Hospita^l^auze  Not  Good  Enough? 


IMLIiUR  I  CAPACITORS 
(ELECTROLYTIC,  OIL  and  WAX) 


Everything  you  want  to  know 
about  Mallory  electrolytic 
capacitors — types,  sizes,  elec* 
trical  characteristics — even 
data  on  test  measurements 
and  mounting  hardware. 
Write  today  for  a  free  copy. 


Not  For  This  MALLORY  Capacitor ! 

Gauze,  such  as  is  used  in  making  ^"fabricated  plate”  for  Mallory 
FP  capacitors,  must  be  of  the  highest  purity  obtainable.  Believe 
it  or  not,  the  best  gauze  used  in  hospitals  falls  far  short  of  the 
purity  required  for  Mallory  fabricated  anode  plate. 

To  be  sure,  hospital  gauze  is  sterile.  But  it  contains  chlorides 
and  other  adulterants  that  play  havoc  with  capacitor  performance. 
The  chloride  content  of  the  gauze  used  by  Mallory  is  less  than 
one-half  of  one  part  per  million.  Extra  watchfulness  and  constant 
co-operation  between  plant  and  supplier  are  required  to  maintain 
such  standards. 

It  is  because  of  Mallory’s  vigilance  in  small  details  that  depend¬ 
ability  and  Mallory  capacitors  are  synonymous. 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 
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►  WANTED  ,  .  .  The  third  of  a  billion  dollars  spent 
on  research  by  OSRD  during  the  war,  most  of  it  in 
the  field  of  electronics,  failed  to  uncover  the'  answers 
to  certain  problems  posed  by  the  Air  Forces.  Major 
J.  G.  P.  Callahan,  speaking  at  the  Carnegie  Institute 
of  Technology,  listed  them  as  follows: 

1.  The  measurement  of  and  indication  of  true  air¬ 
speed  of  aircraft  from  0  to  1,000  miles  per  hour  and 
of  missiles  up  to  4,000  miles  per  hour. 

2.  The  measurement  and  indication  of  true  height 
of  aircraft  above  the  sea  level  datum  up  to  80,000 
feet  and  of  missiles  up  to  80  miles. 

3.  A  method  of  determination  of  the  vertical  in 
maneuvering  aircraft. 

4.  A  celestial  ground-position  indicator  for  use  in 
aircraft  during  day  and  night  with  an  accuracy  of 

'i  =t3  miles. 

5.  Methods  of  polar  navigation. 

^  6.  Automatic  indication  of  load  balance  in  aircraft. 

7.  A  simple  remotely-indicating  system  for  engine 
rpm,  pressure  and  temperature  in  aircraft. 

8.  A  system  of  measurement  of  fuel  and  oil  quan¬ 
tity,  especially  accurate  when  the  quantity  is  small. 

These  needs  are  still  unsatisfied.  The  solutions 
have  immediate  application  to  commercial,  as  well  as 
military,  aviation.  Electronic  methods  of  navigation 
and  instrumentation  are  indicated.  Any  answers? 

►  ULTRASUPER  .  .  .  Our  editors,  concerned  with 
consistent  style,  are  plagued  by  the  words  “ultra¬ 
sonic”  and  “supersonic”.  They  are  used  interchange¬ 
ably  and  apply  with  equal  vagueness  to  velocities 
(higher  than  that  of  sound)  and  frequencies  (above 
the  audible  range).  Inquiry  reveals  that  the  pre¬ 
ferred  usage,  among  those  working  with  both  quanti¬ 
ties,  is  supersonic  for  velocities  and  ultrasonic  for 
frequencies.  This  is  an  arbitrary  choice,  since  the 
words  themselves  give  no  clue  (super  and  ultra 
irean  above  and  beyond,  respectively).  So,  with  us  at 


least,  it’s  supersonic  for  aircraft  and  missiles,  and 
ultrasonic  for  vibration. 

We  try  also,  and  recommend  the  practice  to  engi¬ 
neering  writers,  to  avoid  the  adjectives  above  or 
below  when  referring  to  wavelengths  and  frequen¬ 
cies.  Higher  'or  lower  for  frequencies:  Longer  or 
shorter  for  wavelengths.  Class  dismissed. 

►  COLUMBIUM  .  .  .  The  unassisted  reception  of 
WBAL’s  radio  programs  by  a  piece  of  very  cold 
columbium  nitride,  reported  by  Johns  Hopkins  Uni¬ 
versity,  is  the  first  authenticated  version  of  a  long 
line  of  reports,  starting  with  the  lad  who  persisted  in 
receiving- WOR  on  the  filling  of  a  tooth.  The  nitride 
incident  is  covered  in  Electron  Art  (p  142,  this  issue). 
The  Johns  Hopkins  people  state  no  theory  of  how 
it  works,  but  we  picked  one  up  from  an  old  friend 
who  has  worked  with  columbium  for,  lo,  these  many 
years:  The  nitride  reaches  the  superconductive  state 
at  a  certain  temperature  (about  14  degrees  above 
absolute  zero)  and  its  resistance  suddenly  drops. 
Moreover  if  its  temperature  varies  in  the  vicinity  of 
the  critical  temperature,  its  resistance  varies  accord¬ 
ingly.  The  sensitivity  is  enormous  and  the  material 
can  go  in  and  out  of  superconductivity  at  a  rate  of 
hundreds  of  kilocycles  per  second.  When  nearby 
WBAL  produced  an  r-f  field  in  the  nitride,  each  half 
of  each  r-f  cycle  heated  the  material,  and  the  re¬ 
sistance  changed  proportionately  to  the  depth  of  mod¬ 
ulation.  A  high-gain  audio  amplifier  and  loudspeaker 
attached  to  said  nitride  did  the  rest.  We  can't  vouch 
for  this,  biit  it  sounds  good.  The  man  with  the  filling 
had  no  theory  at  all.  He  was  just  sore. 

Watch  this  superconductivity  business.  Supercon¬ 
ductive  microwave  cavities,  made  of  lead  immersed 
in  liquid  helium,  can  display  circuit  Q’s  far  above 
those  of  room-temperature  circuits  or  crystals. 
Theory  points  to  Q’s  in  the  millions.  And  the  ice-box 
technique  is  not  so  difficult  as  it  might  appear. 


International  Plan  for 
- - Air  Navigation 

PIGAO  group  picks  CAA  instrument  landing  system  for  international  airports.  Radar  dis¬ 
tance-measuring  beacons  and  vhf  omnidirectional  radio  ranges  were  recommended  for 
short-range  navigation,  with  low-frequency  loran  as  an  interim  long-range  navigation  aid 


The  Provisional  International 
Civil  ■  Aviation  Organization 
(PICAO)  has  recently  been  con¬ 
sidering  existing  and  proposed 
systems  of  radio  navigation  and 
communication  for  world-wide 
standard  ization\  Delegates  from 

29  of  the  46  member  nations  at¬ 
tended  meetings  of  the  Special 
Radio  Technical  Division  of  the 
PICAO  Air  Navigation  Committee, 
held  at  Montreal  between  October 
30th  and  November  23rd,  and  made 
recommendations,  to  the  council 
which,  if  adopted,  will  become  man¬ 
datory  for  the  member  nations. 

Operating  SpeeHicatiens 

Before  any  recommendations 
could  be  made,  it  was  necessary  to 
agree  on  a  set  of  quantitative  oper¬ 
ational  requirements  for  the  vari¬ 
ous  aspects  of  air  navigation  and 
traffic  control.  Once  this  had  been 
achieved,  recommendations  on  ex¬ 
isting  systems  for  immediate 
standardization  were  soon  made. 
Later,  attention  was  turned  to 
systems  still  in  the  experimental 
stage  and  a  number  of  techniques 
were  recommended  for  further 


development.  This  work  now  gives 
the  development  engineer  a  most 
valuable  background  on  which  to 
plan  his  program. 

The  most  pressing  problem  in 
airline  operation  today  is  the  land¬ 


ing  of  aircraft  under  conditions  of 
poor  visibility,  at  a  rate  equal  to 
that  at  which  the  air  traffic  control 
organization  can  feed  them  into  the 
approach  zone.  It  was,  therefore, 
recommended  that  at  all  interna- 


Ixiyout  of  low-froquenqr  loran  station  reconunendod  by  PICAO  as  international 
odd  to  long-range  air  norigation.  Radiator  tower  is  625  feet  high,  with  top- 
loading  umbrella  of  twelre  325-ioot  radiols  for  efficient  rodiation  at  180  kc.  In 
foreground  is  small  antenna  for  receiTing  synchronizing  pulses  from  master 
station,  along  with  Quonset  huts  for  housing  equipment  and  stores 
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tional  airports  a  standard  instru¬ 
ment  landing  system  (ILS)  should 
be  installed  as  soon  as  possible  and 
certainly  not  later  than  January 
1st,  1951. 


Exparimantol  CAA  installation  ol  distonce-meosuring-equipMal  antenna  on 
belly  of  DC4.  Though  1.000  me  was  used  for  this  radar  interrogator-responder 
beacon  in  U.  S.  deyelopment  work,  PIC  AO  has  requested  a  40-mc  band 
between  200  and  300  me  to  moke  propagation  ■characteristics  correspond  to 
those  of  other  recommended  radio  aids 


should  be  supplemented  by  a  short- 
range  beacon  to  give  this  informa¬ 
tion  to  aircraft  equipped  with 
radar  distance-measuring  equip¬ 
ment  (DME).  This  makes  use  of 
the  well-known  interrogator-re¬ 
sponder  technique,  and  the  Various 
ground  transponder  beacons  are  to 
be  .identified  by  coding  the  reply 
pulses. 


should  be  supplemented  by  the 
British-sponsored  Gee  system. 
Chains  of  Gee  stations  installed 
during  the  war  already  cover  most 
of  western  Europe  with  a  lattice  of 
hyperbolic  position  lines.  These 
are  provided  in  the  same  manner 
as  in  the  standard  loran  system*, 
but  transmissions  are  made  in  the 
vhf  band. 

The  principle  of  the  vhf  omni¬ 
range  depends  on  the  production  of 
a  heart-shaped  polar  diagram  which 
is  effectively  made  to  rotate  in 
space  at  1,800  rpm.  This  is  achieved 
by  feeding  a  five-element  quincunx 
antenna  array  through  a  rotating 
capacitance  goniometer.  The  re¬ 
ceived  signal  then  varies  in  ampli¬ 
tude  at  30  cps  and  the  phase  of  this 
signal  depends  on  the  azimuth  bear¬ 
ing  of  the  receiver.  In  order  to 
determine  this  variable  phase,  an¬ 
other  signal  which  carries  a  fixed 
30-cps  reference  phase  as  f-m  on 
an  ultrasonic  subcarrier  is  radiated 
by  the  central  nondirectional  an¬ 
tenna  only.  By  making  these  two 
30-cps  signals  coincide  in  phase  in 
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Exp«rim«ntal  March  radar  installation  at  CAA  control  towsr  in  Indianapolis.  PICAO 
encourages  further  deveiopment,  to  solre  such  problems  as  obtaining  a  sufficiently 
bright  ppi  preMntotion  for  reliable  obMnration  in  a  brightly  illuminated  control  tower 


a  direction  due  North  of  the  sta¬ 
tion,  the  azimuth  of  a  receiver  ly¬ 
ing  in  any  othey  direction  becomes 
equal  to  the  phase  difference  meas¬ 
ured  in  degrees. 

Long-Distance  Navigation 

In  considering  the  long-range 
navigation  problem  it  was  immedi¬ 
ately  appreciated  that  standard 
loran  was  already  providing  suffi¬ 
ciently  important  coverage  over  cer¬ 
tain  vital  areas  to  warrant  addi¬ 
tional  installations  as  the  demand 
arose,  but  that  full  transoceanic 
coverage  was  not  feasible  with  the 
limited  ground  wave  propagation 
characteristics  of  the  present  2-mc 
frequency  band.  By  using  a  fre¬ 
quency  of  180  kc  it  is  hoped  to  pro¬ 
vide  the  required  reliable  range  of 
1,500  miles  with  the  1-f  loran  sys¬ 
tem,  though  at  some  sacrifice  in  ac¬ 
curacy  resulting  from  the  neces¬ 
sarily  longer  pulses  (300  microsec¬ 
onds).  Since  the  1-f  signals  can  be 
received  on  the  standard  loran  re¬ 
ceiver  with  the  aid  of  a  simple  fre¬ 
quency  adaptor,  this  system  was 
considered  as  showing  the  most 
promise  of  satisfactorily  comple¬ 
menting  the  existing  facilities. 

Accordingly  it  was  proposed  to 
set  up  a  PICAO  commission  to  be 
responsible  for  trial  installations  in 
certain  difficult  coverage  areas,  on 
a  schedule  including  the  North  At¬ 
lantic  in  1949  followed  by  S.  E. 
Asia,  Africa,  Australasia,  Pacific, 
and  South  Atlantic  by  1952. 

Realizing  that  such  proposals 
could  probably  never  satisfy  all  the 
requirements,  particularly  in  re¬ 
spect  to  accuracy  (10  miles  at  maxi¬ 


mum  range),  further  development 
was  encouraged  on  other  systems 
such  as  Consol,  and  satisfaction  was 
expressed  over  the  intention  of  the 
CAA  to  complete  its  trials  of  the 
1-f  omnidirectional  radio  range. 

Whether  for  long  or  short-range 
navigation,  an  immediate  require¬ 
ment  was .  seen  for  a  system  pro¬ 
viding  for  flight  along  any  desired 
track  which  would  not  necessarily 
be  coincident  with  the  guides  natu¬ 
rally  laid  down  by  either  an  R-0 
or  a  hyperbolic  system.  For  this 
requirement  encouragement  was 
given  to  the  development  of  com¬ 
puters  which  would  derive  infor¬ 
mation  from  the  basic  radio  system 
and  guide  the  aircraft  either  auto¬ 
matically  or  by  providing  the  pilot 
with  the  right  kind  of  information. 
Another  suggestion  particularly 
applicable  to  long-range  navigation 
was  for  a  dead  reckoning  computer 
which  would  periodically  correct  its 
indications  by  reference  to  the 
radio  system. 

Although  installations  of  the 


standardized  ILS  are  to  proceed  im¬ 
mediately  it  was  realized  that  the 
system  has  serious  limitations. 
Principal  among  these  is  the  inabil¬ 
ity  to  provide  for  simultaneous  ap¬ 
proaches  on  multiple  parallel  run¬ 
ways  ;  in  such  installations  the 
areas  of  permissible  error  in  azi¬ 
muth  associated  with  each  runway 
will  overlap  at  some  distalTce  from 
the  airport.  To  overcome  this  trou¬ 
ble  the  development  of  a  system  was 
suggested,  which  would  provide  hy¬ 
perbolic  approach  tracks  diverging 
with  increasing  distance  from  the 
runway.  Such  a  system  would  offer 
little  improvement  over  the  stand¬ 
ard  ILS  in  respect  to  course  errors 
due  to  reflections,  and  for  this  pur¬ 
pose  some  form  of  narrow-beam 
microwave  system  was  recom¬ 
mended.  It  was  considered,  how¬ 
ever,  that  real  promise  of  striking 
improvement  lay  only  along  some 
more  original  approach  to  the  prob¬ 
lem. 

Fatur*  Possibilities 

With  improvements  such  as  these 
a  new  bottleneck  was  expected  to 
develop  in  the  control  of  traffic  on 
the  surface  of  the  airport,  par¬ 
ticularly  in  the  clearance  of  run¬ 
ways.  A  promising  solution  to  this 
problem  was  thought  to  lie  in  the 
development  of  high-resolution  sur¬ 
veillance  radar,  possibly  supple¬ 
mented  by  wheel-actuated  detectors 
and  induction-leader  cables.  • 

Surveillance  radar  was  also  dis¬ 
cussed  for  use  in  air  traffic  control. 
The  desirability  of  presenting  the 
same  type  of  traffic  picture  to  both 
the  ground  controller  and  pilot  was 
stressed.  Precision-approach  radar 
of  the  type  used  in  GCA  (ground- 
controlled  approach)  was  advocated 
to  monitor  and  possibly  supple- 


Table  I — Frequency  Allocations  Desired  by  PICAO 


Requests  for  the  following  frequency  bands,  required  now  or  likely  to  be  needed 
in  the  future  for  air-navigation  systems,  may  be  filed  by  PICAO  member  states 
with  the  International  Telecommunications  Union* 


VHF  Omnirange .  112-118  me 

Distance-Measuring  Equipment.  tO-mc  band  between  200  and  300  me 

ILS  Localizers .  108-112  me 

ILS  Glide  Path .  328.6—335.4  me 

ILS  Markers .  75  me 

Microwave  ILS .  5,000-5,250  me 

GCA  Precision  Radar  .  8,500-10,000  me  (9,300-9,320  reserved  for 

tpATiGT\rkn/l Av* 

SurveiUance  Radar .  2,700-3lS)0  me  (3,24^3,266  reserved  for 

transponder  beacons) 

Standard  Loran .  1,800-2,000  me 

L-F  Loran .  20-kc  band  near  180  kc 
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me  special  difficulties  encountered 
in  the  Siting  of  an  instrument  land¬ 
ing  system  for  water  landings  of 
flying  boats.  The  low-altitude  f-m 
altimeter  used  throughout  the  war 
as  the  AN/APN-1  functions  ideally 
over  the  plane  surface  of  water 
and,  in  conjunction  with  radar 
distance  -  measuring  equipment, 
could  provide  the  basis  for  an  en¬ 
tirely  synthetic  glide  path  gener¬ 
ated  in  the  aircraft  by  a  computing 
device. 


ment  instrument  landing  system 
facilities.  The  other  half  of  the 
air  traffic  control  problem  was  seen 
to  lie  in  improving  the  efficiency  of 
the  short-distance  ground-air  com¬ 
munication  facilities.  For  this  pur¬ 
pose  some  form  of  visual  message 
presentation  was  advocated  as  a 
solution  which  would  also  help  solve 
the  language  difficulties  associated 
with  international  operation. 

For  long-distance  communication 
two-way  radiotelephony  with  air¬ 
craft  was  seen  as  a  requirement  to 
replace  the  present  c-w  code  trans¬ 
missions,  but  it  was  realized  that 
this  could  not  be  done  by  the  mere 
expedient  of  increasing  the,  trans¬ 
mitter  power,  owing  to  the  limit  set 
by  corona  discharge  from  the  an¬ 
tenna  at  high  altitude.  To  over¬ 
come  this  difficulty  it  was  suggested 
that  the  possibilities  of  nar¬ 
row-band  frequency  modulation 
and  ■  single-sideband  transmission 
should  be  investigated. 


The  recent  tremendous  increase 
in  the  number  and  importance  of 
long-range  flights  has  also  given 
rise  to  a  new  technique  known  as 
pressure  pattern  flight.  This 
technique  makes  use  of  an  accurate 
knowledge,  of  the  weather  in  order 
to  take  full  advantage  of  the  upper 
atmosphere  winds,  and  usually  in¬ 
volves  flying  along  an  isobaric  track. 
In  order  to  do  this  it  must  be  pos¬ 
sible  to  detect  in  flight  any  change 
in  the  atmospheric  pressure  pattern 
which  may  occur  after  takeoff.  It 
was  foreseen  that  this  might  ulti¬ 
mately  be  accomplished  by  the  pe¬ 
riodic  transmission  of  weather 
maps  by  radio  facsimile,  but  for 
the  immediate  future  the  continued 
use  of  the  present  method  was  en¬ 
visaged.  Here  a  change  in  pressure 
is  detected  by  comparing  the  read¬ 
ing  of  the  barometeric  altimeter 
with  that  of  a  radio  altimeter. 

The  radio  altimeter  also  received 
consideration  in  connection  with 


Dual-ranqe  indicator  of  exporimental  air¬ 
borne  rador  dietonce-measuring  equip¬ 
ment,  to  be  used  with  instrument  landing 
system  and  with  ehi  omnidirectional  radio 
range  to  indicate  distance  from  beacons 


Throughout  the  discussions  in 
Montreal,  it  was  obvious  that  creat 
benefit  was  derived  by  the  inter¬ 
change  of  information  and  opinions 
which  was  possible  at  such  an  in¬ 
ternational  gathering.  Before 
dispersing,  therefore,  the  Radio 
Technical  Division  recommended 
that  a  permanent  group  within 
PICAO  should  be  set  up  to  observe, 
encourage,  and  guide  the  future 
development  of  radio  aids  to  navi¬ 
gation  of  all  types,  as  well  as  to 
disseminate  their  findings  among 
all  the  member  nations.  Provisions 
were  also  made  for  initiating  re- 
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Baaic  Thi  narigation  equipment.  Interchanging  a  single  panel  oi  this  ground  station 
unit  will  make  it  conform  to  PICAO  standards  for  the  rhi  omnidirectional  radio  range 
or  either  the  equisignal  or  phase-comparison  type  of  localizer  for  the  instrument 

landing  system 
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Using  subminiature  tubes  and  comparably  small  circuit 
components,  one  can  build  electronic  equipment  small 
enough  to  be  comfortably  carried  in  a  suit  pocket.  Design 
data,  types  of  components  that  are  avaUable,  and  possible 
applications  are  presented 


ode  and  two  CKSOTAX’a.  One  sec-  continuous  operation  of  12  hours, 
tion  of  the  3A5  was  connected  as  a  and  a  weight  of  2.6  lb.  A  radio 
grid-modulated  oscillator  for  trans-  built  along  these  lines  for  opera- 
mission.  For  reception  the  circuit  tion  in  the  Citizens’  Band  would 
comprised  a  separate  squelch  oscil-  fill  some  of  the  previously  sug- 
lator  and  a  super-regenerative  gested  applications  nicely, 
detector,  two  stages  of  audio  ampli-  A  boon  to  reporters  and  others 
fication,  and  an  insert-type  mag-  who  must  record  verbatim  what 
netic  receiver.  The  antenna  for  is  said  will  be  a  portable  wire 
operation  between  250  and  300  me  recorder  now  in  development.  Wire 
was  a  dipole  at  the  end  of  a  two-  and  tape  recording  can  be  done 
wire  line  which  plugged  into  the  under  conditions  of  vibration  for 
top  of  the  case.  The  set  had  a  which  disc  recording  is  not  feas- 
range  of  a  mile,  a  battery  life  under  ible,  and  without  any  other  ad¬ 
justment  than  maintaining  the 
proper  volume  level  to  the  record¬ 
ing  head.  In  the  particular  de¬ 
velopmental  unit  referred  to,  the 
wire,  run  at  as  slow  a  rate  as  is 
consistent  with  intelligible  record¬ 
ing  of  speech,  is  driven  by  a  2-volt 
permanent-magnet  motor.  A  spool 
carries  wire  for  recording  30  min¬ 
utes.  The  unit  is  powered  by  a 
rechargeable  2- volt  battery  having 
2-hours’  life,  and  a  45-volt  B-bat- 
tery  having  upwards  of  100-hours’ 
life.  The  electronic  circuit  uses 
four  subminiature  tubes,  types 
CK503AX,  CK505AX,  and  CK510- 
AX.  The  unit  has  a  frequency 
response  within  plus  or  minus  5  db 
from  100  to  3,000  cps. 

An  inch-long  Geiger  counter 
tube  of  such  small  diameter  that 
it  can  be  inserted  in  one’s  veins 
to  meter  passage  of  radioactive 
tracers  whose  activity  is  insuffi¬ 
cient  to  produce  measurable  radia¬ 
tion  outside  the  body  has  been 
developed  at  the  University  of 
California.  Such  a  small  tube, 
combined  with  other  midget  com¬ 
ponents,  makes  possible  a  wear¬ 
able  radiation  counter  that  could  be 
carried  concealed  on  one’s  person 
to  locate  illicit  manufacture  of 
fissionable  materials. 


FIRST  GRIOa  /-second  GRID 


Small  components  illustrate  the  reasons 
why  equipment  can  be  built  to  small  di- 
meiuions 
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Other  applications  of  the  ex¬ 
tremely  small  units  that  can  be 
built  using  these  techniques  in¬ 
clude  improved  radiosonde  sets 
carried  aloft  by  balloons  for 
weather  observation,  telemetering 
equipment  in  rockets  projected  into 
the  ionosphere  for  high-altitude 
studies,  geophysical  sounders  more 
readily  lowered  into  oil  wells  a  mile 
below  the  earth’s  surface,  portable 
radar-type  aids  for  the  blind  (now 
undergoing  tests),  and  airborne 
telemetering  and  control  equip¬ 
ment.  Much  impetus  was  given  to 
these  developments  by  the  radio 
proximity  fuze. 
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WINDOW  IN  BEAM 
FORMING  ELECTRODE 
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Tubes 

There  are  commercially  available 
in  subminiature  size  most  of  the 
major  types  of  electronic  tubes, 
such  as  the  sharp-cutoff  radio-fre¬ 
quency  pentode,  the  triode-heptode 
frequency  converter,  a  diode- 


(SECTION  TWO) 
(B) 


1 — (A)  Cross  section  ol  beamed- 
power  tube  shows  use  of  windows  to  form 
secondary  emission  suppressing  beams. 
(B)  Cross  section  of  space-charge  tetrode 
shows  use  of  rirtuol  cathode  to  reduce 
filoment  heating  power 
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Midget 

Electronic  Equipment 


The  FCC  has  a  one-tube  fiel(J 
intensity  meter,  called  a  Sniffer, 
that  is  small  enough  to  be  held  in 
the  palm  of  one’s  hand.  From 
time  to  time  people  illicitly  using 
radio  transmitters  and  receivers 
concealed  about  their  persons,  or 
built  into  unobtrusive  camera-sized 
boxes,  have  been  caught.  Most 
frequent  use  of  such  sets  has  been 
to  relay  horse-race  results  to 
bookies  or  gamblers  for  placing 
late  bets  after  a  race  was  over  but 
before  the  results  were  generally 
known. 


Midget  electronic  equipment, 
small  enough  to  be  carried 
comfortably  in  one’s  pocket,  is  no 
longer  uncommon.  *  Wearable 
broadcast  receivers  are  in  pro¬ 
duction.  That  some  personalized 
receivers  will .  be  nothing  more 
than  novelties  is  to  be  expected. 
However,  they  do  have  useful 
applications.  At  ball  parks, 
for  example,  announcements  are 
frequently  more  intelligible  over 
the  radio  than  over  the  public  ad¬ 
dress  system. 

A  wearable  radid  would  be  a 
definite  contribution  to  such  iso¬ 
lated  individuals  as  the  forest 
ranger,  rancher,  surveying  crew, 
and  lumberman.  Compact,  low 
power  drain,  light  weight  elec¬ 
tronic  equipment,  operating  in  the 
Citizens’  Band,  could  put  outdoor 
people  in  immediate  communication 
with  their  base  camps. 


been  made  in  improving  the  per¬ 
formance  of  hearing  aids  and  in 
reducing  their  size. 

That  the  conflicting  require¬ 
ments  of  compactness  and  reliable 
performance  can  be  simultaneously 
satisfied  is  illustrated  by  the  use  of 
wearable  radios  during  the  war. 
Using  parts  and  techniques  de¬ 
veloped  previously  for  hearing 
aids,  pocket  communication  equip¬ 
ment  was  designed  for  advance 
troops  who,  if  they  carried  bulky 
radio  equipment,  were  singled  out 
as  key  men  and  made  the  first 
target  of  snipers. 

During  their  activities  in  Ger¬ 
many,  OSS  men  used  a  wearable 
transceiver  for  communication 
with  airplanes  which  flew  overhead 
on  pre-arranged  schedules  to  re¬ 
ceive  reports  and  transmit  instruc¬ 
tions.  The  set  consisted  of  a  3A5 
miniature  high-frequency  duotri- 


ApplieatioHS 

Hearing  aids  are  the  most 
familiar  application  of  electronic 
equipment  built  to  wearable  dimen¬ 
sions.  Subminiature  tubes  and 
midget  components  have  been  de¬ 
veloped  over  the  years  for  use  in 
hearing  aids.  Much  progress  has 


In  the  upper  left  is  a  hearing  aid  assembly  with  the  battery  clip  detached.  The  microphone  is  in  the  center  with  the  tubes  and 
components  disposed  where  space  permits.  In  the  foreground  is  a  iiTe-tube  superheterodyne  pocket  broadcast  a-m  receieer.  The 
batteries  go  in  the  space  to  the  left  of  the  chassis.  Inductive  tuning  is  used 


S. 


thus  lengthening  the  life  of  the  A- 
battery.  The  independence  of  the 
two  triode  sections,  provided  no 
cathode  impedance  is  added  to  the 
external  circuit,  is  sufficient  to  en> 
able  them  to  be  operated  in  cascade 
to  give  an  overall  gain  of  over 
40  db. 


Table  1 — Characteristics  oi  Typical  Filmentory  Subminiature  Tubes 


2EI31  (Sharp-cutoff  r-f  1.25  50  45  500*  -  - 

2E}32*  pentode  ampl’fier) 

2E135  (Output  pentode)  1 . 25  30  45  500*  .6 

2E36‘ 

2EU1  (Diode-pentode  de-  1.25  30  45  375*  20  - 

2E42*  tector,  amplifier) 

2G21  (Xriode-heptode  1.25  50  45  OO**  -  - 

2G22‘  frequency  converter) 

CK502AX  (Output  pentode)  1.25  30  45  550*  6 

CH503AX  (Output  pentode)  1.25  30  45  550*  -  9 . 5 

CK505AX  (Pentode  amplifier)  0.625  30  30  175*  35  - 

CK506AX  (Output  pentode)  1.25  50  45  500*  25 

CK507AX  (Output  pentode)  ^  1.25  45  45  575*  -  11 

CK510AX  (Double  space-charge  0.625  50  45  65*  150-^  - 

tetrode  amplifier)  16  - 

CK515BX  (Triode  amplifier)  •  0.625  30  45  160*  -  - 

CK521AX  (Beamed  output)  1.25  50  22.5  400*  -  6* 

■  Measured  at  ten  percent  total  distortion 

■>  Lower  number  Inaicates  leads  are  long  enough  to  solder  into  circuit ;  upper  number 
indicates  leads  are  clipped  for  insertion  into  socket 

*  Measured  at  zero  plate  and  screen  resistance 

*  Conversion  transconductance 

*  Per  section 

*  Two  sections  in  cascade 

( Internal  plate  resistance  220,000  ohms ;  into  20,000  ohms 


Sockets 


Filamentary  tubes  are  available 
either  with  long  leads  for  wiring 
directly  to  the  circuit  or  with  short 
leads  for  insertion  into  sockets.  De¬ 
signers  of  industrial  equipment 
often  prefer  to  solder  tubes  into  the 
circuits  to  be  sure  of  rigid,  corro¬ 
sion-resistant  connections.  They 
also  prefer  to  make  the  equipment 
semipermanent.  (One  manufacturer 
is  planning  a  series  of  premium 
subminiature  tubes  that  will  have 
long  life  for  use  in  semipermanent 
equipment.)  In  cases  where  space 
is  extremely  limited,  it  may  be  de¬ 
sirable  to  omit  the  socket.  For  very 
high-frequency  circuits  it  may  also 
be  desirable  to  omit  the  socket  both 
to  eliminate  a  possible  source  of  r-f 
loss  and  to  shorten  the  leads  to  re¬ 
duce  shunt  capacitance  and  series 
inductance. 

Designers  of  communication 
equipment,  accustomed  to  using 
tube  sockets,  ordinarily  prefer 
them.  The  fact  that  in  flat-press 
tubes  the  leads  are  along  a  straight 
line  means  that  they  can  be  started 
into  the  socket  at  an  angle  by  bend¬ 
ing  all  the  leads,  pushed  home,  and 
then  stood  erect  among  the  com¬ 
pactly  placed  parts  of  the  equip¬ 
ment.  Thus  little  headroom  need 
be  left  over  the  tubes.  Parts  can  be 
located  immediately  adjacent  to  the 
tube,  the  tube  being  removed  as  it 
was  put  in — by  being  tilted  out 
from  its  normal  position  to  where 
one  can  readily  grasp  it  before  it  is 
pulled  out.  These  tubes  are  coated 
with  Aquadag,  the  coating  being 
connected  to  a  normally  grounded 
lead,  so  that  an  electrostatic  tube 
shield  is  unnecessary. 

There  are  two  types  of  sockets 
now  available:  a  completely  assem¬ 
bled  socket,  and  a  group  of  individ¬ 
ual  clips  that,  when  mounted  on  an 
insulating  chassis,  form  a  socket. 
The  first  type  has  the  advantage  of 
pre-assembly,  because  it  is  only 
necessary  to  fasten  it  into  the  chas¬ 
sis.  The  latter,  available  experi¬ 


mentally,  has  the  advantage  of  com-  punch  the  chassis  on  either  side  of 
pactness,  because  it  comprises  only  the  socket  hard  enough  to  cold  flow 
the  essentials  of  the  socket,  the  metal  into  recesses  in  the  sides  of 
metal  clips;  the  plastic  or  impreg-  the  socket.  For  mounting  the  tube 
nated  fiber  chassis  forms  the  base,  in  the  most  advantageous  position. 
One  method  of  mounting  the  as-  it  may  be  necessary  to  locate  the 

sembled  socket  is  illustrated  ki  Fig.  socket  on  an  angle  strap.  During 

2.  A  hole  is  cut  in  the  chassis  to  tests  for  socket  leakage  on  this  as- 

accommodate  the  socket.  The  flange  sembled  type,  resistance  between 

around  the  top  of  the  socket  keeps  pins  after  immersion  for  48  hours 
it  from  passing  through  the  hole ;  a  in  an  atmosphere  of  90  percent  rel- 
retaining  clip,  slipped  on  from  the  ative  humidity  and  50  C  measured 
bottom,  holds  the  socket  in  the  hole.  2,000  meg.  These  particular  plastic 
Another  method  is  to  put  the  socket  sockets  are  useful  up  to  60  me; 
in  a  hole  in  a  metal  chassis  and  polystyrene  sockets  are  available 


(D)  Pocket  wire  recorder 
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pentode  detector-amplifier,  and 
pentode  power  amplifiers  with  out¬ 
put  powers  as  high  as  25  milli¬ 
watts.  There  is  a  series  of  directly 
heated  filamentary  tubes  for  use  in 
wearable  equipment  where  the 
power  drain  must  be  held  to  a 
minimum,  and  a  series  of  indirectly 
heated  unipotential  cathode  tubes 
for  use  in  equipment  that  must  be 
extremely  compact  but  can  con¬ 
sume  usual  powers. 

The  filamentary  series  of  tubes, 
weighing  less  than  a  tenth  of  an 
ounce,  are  housed  in  flat  T-2  by  T-3 
(tw’o-eighths  by  three-eighths 
inch)  glass  envelopes  no  longer 
than  1.57  in.  The’  filaments  oper¬ 
ate  at  1.25  volts  or  less  and  draw 
between  30  and  50  ma.  Types  and 
essential  characteristics  of  some  of 
these  tubes  are  listed  in  Table  1. 

Although  these  tubes  are  rated 
for  a  maximum  plate  potential  of 
only  45  volts,  the  power  pentodes 
deliver  sufficient  power  to  operate 
an  air-conduction  earphone.  More 
power  can  be  obtained  where 
necessary  from  push-pull  or  paral¬ 
lel  operation  of  several  tubes. 
Power  triodes  are  not  desirable  in 
wearable  equipment  because,  of 
their  relatively  low  power  sensi¬ 
tivity.  Low  internal  resistance  of 
the  output  amplifier,  necessary  to 
damp  some  of  the  magnetic  ear¬ 
phones,  can  be  more  readily  ob¬ 
tained  by  voltage  negative  feed¬ 
back  in  the  pentodes  than  by  using 
triodes. 


made  up  in  simplification  of  assem¬ 
bly.  A  thin  metal  window  shown 
in  Fig.  lA  concentrates  the  elec¬ 
trons  to  the  plate  into  a  dense  beam 
that  suppresses  secondary  emis¬ 
sion.  To  get  optimum  spacing 
between  the  second  grid  and  the 
window  and  between  the  window 
and  the  anode,  the  plane  of  the 
electrodes  is  perpendicular  to  the 
long  axis  of  the  envelope  rather 
than  parallel  to  it  as  in  other  sub¬ 
miniature  tubes.  A  grid  bias  of 
minus  three  volts  is  recommended 
with  22.6  volts  on  plate  and  screen. 

Power  to  heat  the  filaments  of 
these  tubes  is  most  critical.  Al¬ 
though  there  are  available  several 
efficient  A-batteries,  they  are  ex¬ 
hausted  before  the  B-batteries  in 
most  equipment.  The  CK510AX 
illustrates  one  of  the  techniques 
developed  to  fully  utilize  filament 
heating  power.  The  tube  consists 
of  two  space-charge  tetrodes  using 
a  common  filament.  The  first  grid, 
extending  through  both  sections  of 
the  tube  as  shown  in  Fig.  IB  is 
used  as  a  positive  space-charge 
grid  to  produce  a  virtual  cathode. 
The  electron  cloud  formed  at  the 
first  grid  provides  a  reservoir  of 
electrons  for  the  two  independent 
triode  sections.  Without  the  vir¬ 
tual  space-charge  cathode,  the  fila¬ 
ment  would  have  to  be  designed  to 
provide  the  peak  space  current  that 
might  be  required,  despite  the  fact 
that  this  peak  emission  might  be 
drawn  only  momentarily. 

By  using  a  virtual  cathode,  the 
filament  can  contribute  electrons 
to  the  virtual  cathode  cloud  of 
electrons  at  the  average  tube  cur¬ 
rent  and  can  be  designed  for  a  peak 
emission  near  this  average  value. 
The  cloud  of  electrons  in  the  vir¬ 
tual  cathode  serves  as  a  reservoir 
that  can  become  rapidly  depleted 
during  peaks  of  current  but  can  be 
restored  during  the  subsequent  low 
current  periods.  Moreover,  by  us¬ 
ing  a  virtual  cathode,  common  cath¬ 
ode  coupling  is  reduced. 

Maximum  instantaneous  current 
that  the  tube  can  handle  is  more  a 
function  of  the  charge  that  can  be 
stored  at  the  virtual  cathode  than 
of  the  physical  electron  emission  of 
the  hot  filament.  By  taking  advan¬ 
tage  of  this  storage  in  a  virtual 
cathode,  the  filament  can  be  de¬ 
signed  for  lower  heating  power, 


FIG.  3 — Experimental  subminiature  tube 
socket  consists  of  indieiduol  clips  for  each 
lead,  mounted  in  nonconducting  chassis. 
A  small  piece  of  plastic  is  used  to  illus¬ 
trate  the  mounting  method 


In  designing  the  output  stage  of 
electronic  equipment,  one  begins 
with  the  required  output  and  works 
backward.  The  output  power  re¬ 
quired  to  operate  an  insert  type 
earphone  ranges  from  one  to  100 
mw,  depending  in  part  on  the 
efficiency  of  the  receiver  itself  and 
partly  on  the  acuity  of  the  indi¬ 
vidual  ear.  The  medium  value  for 
hard-of-hearing  persons  can  be 
taken  as  20  mw.  Allowing  for  a 
20-percent  power  loss  in  the  output 
transformer,  an  average  value  for 
miniature  transformers,  one  ob¬ 
tains,  as  the  required  output  power 
from  the  tube,  25  mw.  With  4.5 
volts  peak  on  its  grid,  and  no  nega¬ 
tive  feedback,  a  CK506AX  output 
pentode  will  deliver  this  power.  In 
the  case  of  equipment  designed  for 
persons  with  normal  hearing,  nega¬ 
tive  feedback  could  be  used  to 
decrease  distortion,  and  still  leave 
sufficient  output. 

The  most  recent  development  in 
subminiature  tubes  is  the 
CK621AX  beamed  power  tube.  It 
approaches  the  beam  tetrode  in 
characteristics,  yet  can  be  made  in 
smaller  size.  The  first  and  second 
grids  are  not  aligned;  the  sacrifice 
in  performance  being  more  than 


FIG.  2 — Tube  socket  is  held  in  chassis 
hole  by  retaining  clip,  thus  eliminating 
space  otherwise  required  for  bolts 
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whether  operated  continuously  or 
intermittently,  has  nearly  constant 
output  voltage  and  substantially 
constant  internal  resistance  at 
audio  frequencies  throughout  its 
life.  A  substantially  flat  voltage 
characteristic  is  maintained 
throughout  life  up  to  rated  current 
drain  (50  ma  max),  thus  efficiency 
is  maintained  during  life.  The  volt¬ 
age  drops  quickly  at  the  end  of  the 
cell’s  useful  life.  Of  particular 
interest  in  wearable  equipment  is 
the  fact  that,  volume  for  volume, 
the  cell  has  three  to  four  times  the 
ampere-hour  capacity  of  a  conven¬ 
tional  zinc-graphite  dry  battery. 
The  corrosion-resistant  steel  case, 
acting  as  positive  terminal,  does 
not  enter  into  electrolytic  action  of 
the  cell. 

Carbon-zinc  cells  are  made  in  a 
variety  of  sizes  for  compact  assem¬ 
bly,  with  the  A-  and  B-batteries 
scaled  to  comparable  dimensions, 
as  shown  in  Fig.  6.  The  familiar 
layer-built  B-batteries,  which  have 
duplex  electrodes  (zinc  on  one  side, 
carbon  on  the  other)  to  conserve 
space,  are  made  in  15,  22.5,  30,  45, 
and  other  voltage  sizes.  The  effi¬ 
ciency  of  energy  conversion  from 
chemical  to  electrical  is  higher  in 
these  flat  cells  than  in  comparable 
zinc-graphite  cells  of  other  shapes, 
and  for  the  same  external  size  they 
contain  a  larger  volume  of  depolar¬ 
izing  mixture  than  cylindrical  dry 
cells,  and  have  higher  zinc  utiliza¬ 
tion.  These  batteries  can  readily  be 
broken  open  between  cells  to  ob¬ 
tain  any  intermediate  voltage  for 
use  in  experimental  portable  equip¬ 
ment.  The  stack  must  be  restrapped 
to  keep  the  cells  pressing  tightly  on 
one  another  if  the  internal  resis-, 
tance  of  the  battery  is  to  be  kept 
low.  Because  the  inert  plastic  case 
does  not  enter  into  chemical  action 
with  the  paste,  there  is  no  danger 
of  corrosive  chemicals  eating 
through  the  container  and  damag¬ 
ing  adjacent  parts. 

Research  into  the  action  of  the 
carbon-zinc  cells  indicates  that  their 
efficiency  of  energy  conversion  can 
be  increased.  These  cells  are  still 
undergoing  development. 

Battery  equipment  is  usually  de¬ 
signed  to  such  tolerances  that  it 
will  work  until  the  battery  terminal 
voltage  has  fallen  to  two-thirds  its 
initial  value.  For  example,  an  A- 


battery  is  expected  to  remain  in 
service  until  its  initial  1.4  volts  has 
fallen  to  about  0.9  volt.  However, 
in  the  B-battery  circuit,  the  in¬ 
crease  in  internal  resistance  of  the 
battery  may  result  in  interstage 
coupling  before  the  terminal  volt¬ 
age  has  fallen  to  this  low  value. 
This  coupling  through  the  battery 
impedance  can  be  reduced  by  ex¬ 
ternal  decoupling  filters,  or  usually 
by  a  large  bypass  capacitor  across 
the  B-battery.  The  bypass  capaci¬ 
tor  should  have  very  little  shunt 
leakage,  or  else  be  disconnected 
when  the  circuit  is  not  in  use.  In 
one  very  small  hearing  aid  model 
recently  marketed,  opposing  feed¬ 
back  of  the  signal  appearing  across 
the  battery  is  made  to  the  last  two 
stages  to  reduce  the  battery  coup¬ 
ling  and  thereby  obtain  longer  B- 
battery  life. 

Methods  of  Providing  Grid  Bios 

Although  many  subminiature 
tubes  are  designed  for  zero  grid 
bias,  others  require  a  small  nega¬ 
tive  bias.  Because  of  the  inevitable 
decrease  in  plate  supply  potential, 
some  provision  must  be  made  for 
the  grid  bias  to  decrease  corres¬ 
pondingly,  if  the  tube  is  to  continue 
operating  effectively  during  the  en¬ 
tire  battery  life. 

Self  bias  is  the  simple  and  obvi¬ 
ous  method  of  obtaining  the  neces¬ 
sary  simultaneous  decrease  in  grid 
bias  with  loss  in  B-voltage.  The 
self  bias  resistor  will,  of  cqurse, 
cause  considerable  loss  in  tube 
amplification  if  unbypassed,  but  will 
improve  the  linearity  of  the  effec¬ 
tive  transfer  characteristic,  there¬ 
by  decreasing  harmonic  and  inter¬ 
modulation  distortion. 

In  pentode  output  stages,  the 
increase  in  the  tube’s  internal  im¬ 
pedance  caused  by  this  current 
feedback  may  be  objectionable  in 
certain  applications.  To  prevent 
this  cathode  degeneration,  a  large 
bypass  capacitor  is  required,  with 
added  space  requirements.  That  the 
bypass  capacitor  will  occupy  con¬ 
siderable  space  will  be  recognized 
from  its  capacitance.  In  a  typical 
circuit  the  CK507AX  with  a  plate 
and  screen  supply  of  45  volts  re¬ 
quires  a  grid  bias  of  minus  two 
volts  and  conducts  an  average 
space  current  of  1.2  ma.  (Although 
the  required  grid  bias  is  small,  the 


FIG.  6 — Batteries  for  wearable  equipment 
ore  available  in  a  variety  of  types  and 
sites.  Shown  here  are  two  pairs  of  A-  and 
B-Botteries  with  their  paper  covers  re¬ 
moved;  both  pairs  give  the  same  voltage 


low  plate  current  necessitates  a 
large  cathode  resistor.^  The  self 
biasing  resistor  must  be  1,670 
ohms.  The  bypass  capacitor  that, 
in  shunt  with  this  resistance,  gives 
a  time  constant  of  0.01  sec  (period 
of  a  100  cps  signal)  is  GO/tf.  In  ad¬ 
dition,  the  A-battery  will  have  to 
be  insulated  from  ground,  which 
is  usually  preferable  to  wasting 
heater  power  in  the  cathode  re¬ 
sistor  (even  though  the  cathode 
resistor  would  then  be  smaller,  but 
requiring  a  much  larger  bypass  ca¬ 
pacitor)  which  would  be  necessary 
if  the  A-battery  were  grounded. 

One  means  of  counteracting  the 
degeneration  introduced  by  an  un¬ 
bypassed  cathode  resistor  is  to  pro¬ 
vide  positive  feedback  across  the 
cathode  resistor  from  the  plate  cir¬ 
cuits. 

If  voltage  amplification  can  be 
sacrificed,  voltage  feedback  can  be 
used  in  the  output  stage  to  de¬ 
crease  the  effective  internal  im¬ 
pedance  of  the  tube.  The  compon¬ 
ents  of  such  a  circuit  usually 
require  less  total  volume  than  the 
cathode  bypass  capacitor,  although 
the  A-battery  drain  may  be  higher 
because  of  an  added  tube.  However, 
the  combined  effects  of  these  feed¬ 
backs  will  be  complex  and  can  lead 
to  instabilities.  Whatever  the  solu¬ 
tion,  it  is  usually  a  compromise  be¬ 
tween  minimum  bulk  and  minimum 
battery  drain. 

Material  for  this  article  has  been 
obtained  from  more  sources  than 
can  reasonably  be  listed  here.  To 
those  who  generously  supplied  in¬ 
formation,  greatful  appreciation  is 
extended. — F.  R. 
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experimentally  for  higher  fre-  are  rated  at  70  C  in  anticipation  of  case,  the  B-batt( 
quencies.  the  higher  ambient  temperatures  usable  B-battery 

The  clip  type  of  socket  offers  a  that  may  be  reached  in  the  compact 
method  of  mounting  tubes  on  an  in-  closed  assemblies  of  wearable 
sulated  chassis,  using  minimum  equipment.  Large  powers  are  Filament  heati 
space.  The  socket  shown  in  Fig.  3  usually  not  available  in  midget  ments  are  most 
is  built  of  heat-tempered  beryl-  equipment,  so  high  wattage  com-  pointed  out  in  de 
Hum  copper  that  has  been  form^  ponents  need  not  be  used.  signed  “for  wea 

into  individual  lead  clips  and  re-  Several  techniques  of  metalizing  The  fact  that  fi] 
lieved  of  stresses  so  as  to  eliminate  insulated  mounts  to  form  the  elec-  tubes  can  be  quic 
spring-back  and  distortion.  The  trical  connections  of  an  electronic  ating  temperatui 
clips  are  inserted  into  the  insulat-  unit  have  been  proposed  as  a  means  be  kept  hot  dui 
ing  chassis,  two  banks  of  clips  be-  of  both  simplifying  the  assembly  major  factor  in 
ing  used  to  obtain  wide  spacing,  of  small  units  and  conserving  portable  equipm 
Tube  leads  pass  through  an  align-  space.  Metal  leads  can  be  printed,  high  powers  for 
ing  hole  in  the  top  of  each  clip  and  onto  ceramics  by  a  screen  process  rectly  heated  ca 
between  the  folded  flaps  below,  or  deposited  either  on  the  surface  sary  are  not  enc 
where  they  are  held  by  spring  grip,  or  in  grooves  by  spraying  through  able  equipment. 
Good  practice  in  mounting  tubes  a  mask;  foil  can  be  stamped  onto  electronic  circui 

plastic  bases  or  baked  on.  power  levels,  thu 

— — - - - -  It  has  been  found  desirable  be-  capacity  is  unne< 

8|i^| — ^n-cWicjikmclic  fl  ~\ —  cause  of  variations  in  circuit  lem  is  to  supply 

parameters,  particularly  of  ther-  the*  filaments,  a 
mionic  tubes,  common  to  all  sizes  of  power  is. 

-  II  III  L-i  components,  to  construct  calibrated  Recently  a  ne\ 

|g  0  ---iiligATtJwe ^  pre-assemblies.  Components’  are  high  ampere-hou 

I*  :!  i^^'f'S^-zoio  WM*^**^"  '  matched  to  give  the  required  cir-  perimentally  de^ 

*^o^r3riijuJiiu!iiiiii!  AP  V\|  I  characteristic  and  to  balance  nal  potential  of 

*g>  'Uii>-oLeucti6i^^~^^  one  another's  drifts  in  each  unit,  produced  betwet 

i  l  \  i —  pre-assemblies  are  then  inter-  and  zinc  electrod 

Jo  BotL  <oo''ii»oot])ooi)(»^^  changeable.  One  such  standardized  negligible  polari: 

_ FWEQoewcY  iw  CPS _  multivibrator  is  shown  in  Fig.  5.  livers  the  sar 

In  it  subminiature  tubes  and  se¬ 
lected  resistors  have  been  connected 
and  mounted  on  a  plug  for  connec¬ 
tion  into  the  complete  equipment.  /  \ 

Tubes  consisting  of  up  to  three 
separate  tubes,  either  triodes,  tet- 
rodes,  or  pentodes  in  various  com- 
binations,  mounted  on  one  socket, 
have  been  manufactured  in  Europe. 

In  some  models  the  tubes  are  con- 
nected  through  resistance-capaci- 
tance  networks  built  into  the  as- 
sembly. 

Overall  size  of  midget  electronic 
equipment  intended  to  be  carried  in 
one’s  pocket  is  the  major  factor 
determining  its  utility.  Measure- 
ments  on  size  of  pockets  in  numer- 
ous  men’s  suits,  including  vests, 
indicate  that  the  most  frequently 
encountered  pocket  size  is  from  2.5 
to  3.0  inches  wide.  It  was  similarly 
found  that  the  optimum  depth  of  a 
wearable  unit  is  between  5  and  6 
in.,  long  enough  not  to  be  out  of  *  B  1 

reach  at  the  bottom  of  a  pocket,  yet  ^ 

not  so  long  as  to  project  awkwardly 
from  the  pocket.  The  thinner  the 
unit  the  better.  Thinness  is  limited  FIG.  5— Calibrated 
by  the  thickest  component  that  j’®**  °**‘°*" 

must  fit  into  the  assembly,  in  this  other  in  tl 


FIG.  4 — ^Frequency  response  of  limiting 
components  in  midget  equipment 


is  to  provide  holding  cushions  of 
rubber  at  their  tops.  To  connect 
wires  to  the  sockets  in  the  small 
space,  welding  is  being  used  in 
some  instances.  Welding’s  advan¬ 
tage  over  soldering  is  ease  in  reach¬ 
ing  the  connection  with  reduced 
damage  from  hot  irons  and  spilled 
solder  or  flux,  however  a  welded 
connection  is  difficult  to  service. 


Components  and  Construction 

Frequency  responses  of  typical 
components  are  shown  in  Fig.  4. 
Considering  their  small  size,  their 
performance  is  good.  Small  capaci¬ 
tors  and  resistors  are  also  available. 
Wax  -  impregnated  resin  -  protected 
tubular  paper  capacitors  are  avail¬ 
able  in  capacitances  from  0.002  to 
0.1  /if,  the  largest  ones  being  0.376 
in.  in  diameter  and  1.125  in.  long; 
the  smaller  capacitors  are  only 
0.625  in.  long  and  correspondingly 
thinner. 

Half-watt  resistors  from  10 
ohms  to  22  meg  are  0.125  in.  in 
diameter  and  0.375  in.  long;  they 
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television, .  the  slot-in-cylinder  pos¬ 
sesses  considerable  advantage  over 
the  ordinary  dipole  in  these  appli¬ 
cations.  A  vertical  slot  has  the 
desired  vertical  directivity  with 
nearly  uniform  radiation  in  the 
horizontal  plane  and,  in  addition,, 
has  the  correct  polarization  for  f-m 
and  television  broadcasting. 

When  greater  vertical  directivity 
is  desired,  it  can  be  obtained  by 
stacking  slots  vertically  as  illus¬ 
trated  in  Fig.  2.  Because  each 
unit  of  the  array  (that  is,  each 
slot)  has  considerable  vertical  di¬ 
rectivity  by  itself  and  therefore 
radiation  from  any  one  element 
does  not  interact  to  a  considerable 
extent  with  that  from  other  ele¬ 
ments,  it  is  possible  to  space  the 
units  a  wavelength  apart  without 
producing  unduly  large  secondary 
lobes.  Directivity  of  any  array  is 
proportional  to  its  overall  length; 
so  when  large  spacing  between 
units  is  permissible  it  is  possible 
to  have  a  long,  and  hence  a  highly 
directive,  array  without  requiring 
an  excessive  number  of  units, 
simplifying  feeding  problems.  The 
array  of  Fig.  2  has  four  slots,  each 
three-quarters  of  a  wavelength 
long,  and  spaced  one  wavelength 
center-to-center.  When  longer 
slots  are  used,  larger  vertical  sepa¬ 
rations  are  permissible. 

In  Fig.  3  there  are  shown  the 
measured  vertical  and  horizontal 
patterns  of  the  four-element  array. 
Vertical  directivity  is  very  sharp 
and  it  is  seen  that  most  of  the 
power  is  radiated  within  a  few 
degrees  of  the  horizontal.  The 
excellent  agreement  between  meas¬ 
ured  and  theoretical  patterns  indi¬ 
cates  that  predicted  gains  can  be 
closely  attained  in  practice.  In 


Fig.  3B  there  is  also  shown  the 
relative  field  intensity  in  the  hori¬ 
zontal  directiop  produced  by  a  pair 
of  horizontal  crossed  half-wave 
dipoles  fed  with  the  same  power  as 
the  four-slot  array.  Figure  4 
shows  the  directed  power  gain  of 
the  slotted-cylinder  array  as  a  func¬ 
tion  of  the  number  of  three-quar.ter 
wavelength  slots,  spaced  one  wave¬ 
length  apart.  The  gain  shown  is 
referred  to  that  of  a  single  half¬ 
wave  dipole.  The  gain  over  a  pjyr 
of  crossed  dipoles  (as  would  be  re¬ 
quired  to  produce  a  uniform 
horizontal  pattern  with  horizontal 
polarization)  would  be  double  that 
shown.  The  values  given  in  Fig.  4 
represent  the  average  gain  in  the 
horizontal  direction.  For  a  one- 
eighth  wavelength  diameter  cylin¬ 
der,  the  horizontal  pattern  is  not 
uniform  and  the  actual  gain  is  a 
little  greater  on  the  slot  side  of  the 
cylinder  and  a  little  less  on  the*side 
opposite  the  slots. 


Impedance  Characteristics 


In  oi'der  to  feed  the  slotted- 
cylinder  antenna  properly,  it  is 
necessary  to  know  something  of  its 
impedance  characteristics  and  how 
these  characteristics  vary  with  slot 
length  and  width,  and  cylinder 
diameter.  Figure  5  shows  resis¬ 
tance  and  reactance  of  a  slotted 
cylinder  as  measured  at  the  center 
of  the  slot.  Impedance  is  shown 
as  a  function  of  slot  length  for 
various  ratios  of  antenna  diameter 
to  wavelength.  As  cylinder  diame¬ 
ter  in  wavelengths  is  made 
progressively  smaller,  the  length 
of  the  slot  required  for  resonance 
becomes  very  large,  and  there  is  a 
certain  critical  diameter  below 
which  resonance  cannot  be  obtained 
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SLOTTED  ■  CYLINDER 


Simple  mechanical  construction,  easily  obtained  vertical  directivity,  and  horizont;*!  polari¬ 
zation  make  the  slotted-cylinder  antenna  ideal  for  f-m  and  television  transmissif h  and 
reception.  Directivity  and  impedance  characteristics  for  designing  arrays  are  presented 


FIG.  1 — (A)  Vertical  radiation  pattern  oi  a 
three*quarter  worelength  elot  antenna 
compared  to  that  of  a  hedf  worelength 
dipole,  and  (B)  horiiontal  radiation  pat¬ 
tern  of  slot  antenna  in  a  Terticol  cylinder 
of  0.21  worelength  diameter 

* 

SLOT  ANTENNAS  have  been  suc¬ 
cessfully  used  on  high  speed 
aircraft  to  establish  electric  cur¬ 
rents  on  outside  surfaces  of  the 
metallic  airplane  structure  and  so 
make  the  aircraft  itself  the  radia¬ 
tor.  Examination  of  the  charac¬ 
teristics  of  slot  radiators  shows 
th^t  they  possess  properties  that 
make  them  useful  in  many  other 
applications  as  well. 

In  such  applications  a  particu¬ 
larly  useful  form  of  the  radiator 
is  a  slot  cut  lengthwise  in  a  long, 
narrow,  hollow  cylinder.  The  first 
reference  in  the  literature  to  this 
form  of  radiator  appeared  several 
years  ago^.  It  proposed  the  use  of 
a  slit  cylinder  to  guide  or  radiate 
electromagnetic  waves.  Slot  radia¬ 
tors  of  one  form  or  another  have 
already  found  commercial  applica¬ 


tion  in  frequency  modulation*  and 
television*. 

It  is  the  purpose  of  this  article 
to  discuss  some  general  properties 
of  slot-in-cylinder  radiators  and  to 
present  radiation  patterns  and 
impedance  curves  that  should  en¬ 
able  engineers  to  determine  the 
suitability  of  these  antennas  for 


FIG.  2 — Vertical  directiTity  con  be  in¬ 
creased  by  stacking  slots.  Mechanical 
construction  is  simple.  Slots  are  fed  from 
a  transmission  line  inside  the  slotted 
cylinder 

applications  in  which  they  may  be 
interested. 

Radiation  Patterns 

Figure  1  shows  the  vertical  and 
horizontal  radiation  patterns  of  a 
three-quarter  wavelength  slot  cut 
in  a  vertical  cylinder.  For  com¬ 
parison,  the  vertical  pattern  of  a 
half-wave  dipole  is  also  shown.  For 


equal  lengths,  the  vertical  slot  and 
vertical  dipole  have  practically  the 
same  vertical  radiation  patterns. 
Length  of  the  cylinder  itself  has  no 
noticeable  effect  on  the  pattern.  It 
must  be  long  enough  to  accommo¬ 
date  the  slot,  but  can  be  any  con¬ 
venient  length  longer.  The 
horizontal  pattern  of  the  vertical 
slot-in-cylinder  is  dependent  upon 
the  diameter  of  the  cylinder.  In 
general,  radiated  field  intensity  is 
greater  on  the  side  on  which  the 
slot  is  located  than  it  is  on  the 
opposite  side  of  the  cylinder.  How¬ 
ever,  for  cylinder  diameters  of 
about  one-tenth  wavelength  or  less, 
radiation  in  the  horizontal  plane 
is  essentially  uniform. 

The  radiation  pattern  of  a  slot  in 
a  narrow  cylinder  is  almost  the 
same  as  that  of  the  corresponding 
length  dipole,  but  with  one  im¬ 
portant  difference :  the  electric  field 
produced  by  a  vertical  dipole  is 
vertically  polarized  whereas  that 
produced  by  a  vertical  slot  is 
horizontally  polarized.  Because 
horizontal  polarization  is  used  for 
.both  frequency  modulation  and 


FIG.  3 — (A)  Terticol,  ond  (B)  horizontal 
radiation  patternz  of  zlotted-cy Under  array 
■hown  in  Fig.  2 
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at  any  slot  length.  For  the  'par¬ 
ticular  slot  width  used  in  this  case, 
this  critical  diameter  appears  to  be 
about  0.11  wavelength.  It  will  be 
noticed  that  the  resonant  length 
(that  is,  the  length  for  zero  reac¬ 
tance)  is  very  long  for  narrow 
diameter  cylinders,  but  becomes 
smaller  as  the  cylinder  diameter 
increases.  For  larger  diameter 
cylinders,  second  resonance  points 
appear  at  slot  lengths  roughly 
double  that  for  the  first  resonance. 
Resistance  at  this  second  resonant 
point  is  comparatively  low,  being 
of  the  order  of  40  ohms,  while  at 


FIG.  4 — Concentration  oi  power  in  the 
Tertical  plane,  relaUre  to  that  from  a 
dipole,  for  an  array  similar  to  that  oi 
Fig.  2 

the  first  resonant  point  it  -ranges 
between  300  and  1,000  ohms.  The 
effect  of  greater  slot  width  is  to 
increase  the  length  of  slot  required 
for  resonance  for  a  given  cylinder 
diameter. 

Explanation  of  Operation 

There  are  two  rather  simple 
physical  pictures  which  can  be  used 
to  explain  the  operation  of  the  slot- 
in-cylinder  antenna.  The  first  con¬ 
siders  the  edges  of  the  slot  as 
constituting  a  parallel-wire  trans¬ 
mission  line  which  is  shorted  at 
both  ends. 

A  voltage  is  applied  across  the 
transmission  line  (usually,  but  not 
necessarily,  at  the  middle)  and 
standing  waves  of  voltage  and  cur¬ 
rent  are  set  up  along  the  line.  Be¬ 
cause  of  the  close  spacing  between 
the  edges  of  the  slot,  transmission 
line  currents  would  not  be  expected 
to  radiate  appreciably.  However, 
the  slot  transmission  line  has  con¬ 
nected  to  it  the  remainder  of  the 
cylinder  which  has  a  twofold  effect. 

In  the  first  place,  the  voltage 


across  the  slot  causes  currents  to 
flow  around  the  outside  of  the 
cylinder  and  these  currents  flowing 
in  the  circular  path  radiate  appre¬ 
ciable  amounts  of  power,  the 
diameter  of  the  path  being  a  signi¬ 
ficant  fraction  of  a  wavelength.  In 
addition,  the  cylinder  acts  as  an 
inductive  reactance  shunted  across 
the  slot  transmission  line,  and  so 
modifies  the  phase  velocity  and 
hence  the  wavelength  along  the 
line.  From  transmission  line  theory 
it  is  known  that  inductive  shunt 
loading  will  increase  both  phase, 
velocity  and  wavelength,  and  so 
increase  the  line  length  required 
for  resonance.  If  the  loading  is 
too  great  (that  is,  if  shunt  induc¬ 
tive  reactance  is  too  low)  wave 
motion  along  the  line  ceases  and 
the  loaded  line  acts  as  an  attenu¬ 
ating  network. 

This  simple  picture  serves  to 
explain  most  of  the  characteristics 
of  the  impedance  curves  for  nar¬ 
row  cylinders.  For  larger  diameter 
cylinders  it  is  necessary  to  resort 
to  waveguide  theory  for  the  second 
physical  picture.  The  inside  of  the 


cylinder  is  a  degenerate  cylindrical 
waveguide. 

Within  a  waveguide  the  phase 
velocity  and  wavelength  are  always 
greater  than  the  corresponding 
free-space  quantities  and  the  ratio 
of  wavelength  in  the  guide  to  free- 
space  Wavelength  becomes  very 
large  as  the  diameter  of  the  cylin¬ 
der  decreases  to  the  cutoff 
diameter.  For  completely  closed 
cylindrical  waveguides  the  cutoff 
diameter  for  the  dominant  mode 
is  0.586  times  the  wavelength,  but 
when  the  cylinder  has  a  slot  in  it, 
with  the  excitation  applied  across 
the  slot,  the  cutoff  diameter  is  very 
much  less  than  this  value.  In  this 
latter  case  the  capacitance  of  the 
slot  reduces  the  required  diameter 
of  guide  in  much  the  same  way  as 
the  length  of  a  transmission  line 
section  required  for  resonance  is 
reduced  by  capacitive  loading  of 
the  load  to  which  it  is  connected.  It 
is  apparent  that  the  greater  the 
capacitive  loading  (that  is,  the 
narrower  the  slot)  the  smaller  will 
be  the  cutoff  diameter  of  the 
cylinder. 


FIG.  5 — For  a  slot  representing. a  fixed  fraction  of  the  cylinder  diameter,  resonant 
impedance  increases  and  resonant  slot  length  approaches  a  half  wavelength  as 
cylinder  diameter  is  increased 
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With  slot  widths  used  in  making 
the  measurements  shown,  cutoff 
diameter  was  of  the  order  of  one- 
tenth  wavelength.  With  narrower 
slots,  or  slots  the  sides  of  which 
overlap,  cutoff  diameter  can  be  re¬ 
duced  to  one-thirtieth  of  a  wave¬ 
length  or  less. 

Figure  6  shows  the  electric  field 
intensity ‘across  the  slot,  measured 
for  several  cylinder  diameters.  For 
large  diameters  the  distribution  of 
electric  intensity  along  the  slot  is 
closely  sinusoidal  with  the  distance 
between  nodal  points  only  slightly 
greater  than  the  free-space  half 
wavelength.  However,  as  the  cut¬ 
off  diameter  is  approached  the  dis¬ 
tance  between  nodal  points  becomes 
relatively  larger,  attenuation  with¬ 
in  the  guide  increases  and  the 
distribution  changes  from  sinu¬ 
soidal  to  exponential.  Figure  7  wire  transmission  liries  running  up 

gives  the  ratio  of  wavelength  in  the  inside  of  the  cylinder.  Both 

the  guide  to  wavelength  in  free  of  these  methods  were  used  in 

space  for  various  cylinder  diame-  obtaining  the  measurements  shown, 

ters.  From  the  curve  or  the  field  Choice  between  a  single  or  double 

distributions  on  Fig.  6  one  can  coaxial  line  or  parallel-wire  line 

determine  the  maximum  slot  length  feed  depends  upon  convenience  and 

which  can  be  used  to  give  a  single  impedance-matching  possibilities, 

lobe  in  the  radiation  pattern.  The  impedance  around  the  second 
Figure  8  shows  slot  length  required  resonant  point  is  low,  indicating 

for  first  resonance  as  a  function  of  coaxial-line  feed  in  this  region  of 
cylinder  diameter.  operation.  At  the  first  resonant 

,  ...  point  the  impedance  is  high  and 

Methods  of  Feed  ,,  ,  j.  j  •  -j  xu  i- 

parallel-wire  feed  inside  the  cylin- 

The  slotted-cy Under  antenna  can  der  is  preferable.  However,  lower 
be  fed  by  either  coaxial  or  parallel-  impedances  can  be  obtained  by 
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FIG.  7 — Resonance  phenomena  present^ 
in  Fig.  5  and  6  con  be  summarized  as  a 
curve  oi  ratio  of  inside  to  free-space  wave¬ 
lengths 


FIG.  8 — Design  of  slotted-cylinder  antenna 
involves  choosing  cylinder  diameter  and 
slot  width  that  give  reasonable  slot  length 
at  the  operating  frequency 


feeding  the  slot  off-center.  With 
an  array  of  slots  at  one  wavelength 
spacing,  slot  impedances  are  effec¬ 
tively  in  parallel  and  for  a  four- 
slot  array  operating  at  the  first 
resonance,  the  input  impedance  of 
the  transmission  line  is  of  the  order 
of  100  ohms. 

It  is  evident  from  the  discussion 
on  theory  of  operation  that  large 
variations  in  impedance  can  be 
obtained  by  adjusting  the  effective 
capacitance  across  the  slot.  The 
effective  slot  capacitance  will  de¬ 
pend  primarily  on  slot  width,  but 
will  also  depend  somewhat  on  the 
thickness  of  the  cylinder  wall.  For 
impedance  curves  shown,  a  cylinder 
wall  thickness  of  approximately  1.5 
percent  of  the  cylinder  diameter 
was  used. 

Bandwidth  measurements  on  the 
slotted-cylinder  antenna  indicate 
bandwidths  at  the  first  resonance 
of  between  four  and  eight  percent 
(between  frequencies  at  which  the 
standing-wave  ratio  on  the  feed 
line  was  two  to  one).  The  band- 
widths  around  the  second  resonance 
points  were  not  measured,  but  a 
study  of  the  impedance  curves  indi¬ 
cates  that  they  should  be  consider¬ 
ably  wider  than  at  the  first 
resonance  points. 
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DISTANCE  ALONG  SLOT  MEASURED  FROM  CENTER  IN  CM 


FIG.  6 — Field  strength  distribution  along  a  150-cm  slot  varies  with  frequency  because 
of  the  change  in  velocity  of  propagation  along  the  radiator.  Numbers  in  parentheses 
indicate  cylinder  diameter  in  wavelengths 
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TOY-TRAIN  CONTROLS 


The  engineering  problems  in  carrier-current  control  of  model  railroads  rival  those  in 
telemetering  and  remote  control.  Successful  design  of  system  components  capable  of 

hard  usage  and  mass  production  is  described 


By  JOSEPH  L.  BONANNO 

Chief  Engineer 
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Irvington,  A'.  J. 


The  problem  of  remote  control 
has  always  taxed  the  ingenuity 
of  miniature  railroad  enthusiasts. 
Literature  and  patent  office  files  are 
replete  with  devices  of  various  de¬ 
grees  of  complexity,  ranging  from 
purely  mechanical  trip  mechanisms 
to  electronic  circuits,  all  intended 
to  lend  verisimilitude  to  the  opera¬ 
tion  of  toy  trains.  A  genuine  re* 
mote  operation  of  miniature  rail¬ 
roads  became  possible  only  with 
the  recent  development  of  an  elec¬ 
tronic  system  of  control. 

While  there  is  nothing  novel  in 
the  application  of  electronics  to 
remote  control  apparatus — such 
systems  have  been  used  for  over 
two  decades  in  drone  aircraft  and 
elsewhere— the  adaptation  of  elec¬ 
tronic  control  to  miniature  rail¬ 
roads  presented  a  number  of  de¬ 
sign  problems. 


TD  CtNItR. 
RAIL  0 
ROLLER 


FIG.  1 — Scbemotic  wiring  diagram  oi  the 
receiver.  Relay  contacts  are  factory 
adiusted 

Paramount  is  the  problem  of  size. 
Each  receiving  unit  must  be  self- 
contained  and  small  enough  so  that 
it  can  be  conveniently  and  incon¬ 
spicuously  mounted  within  the  min¬ 
iature  rolling  stock.  Equipment 
must  be  rugged  to  withstand  the 
vicissitudes  of  model  railroading. 
It  needs  stability  within  a  wide 
range  of  operating  conditions,  and 
interchangeability  with  a  minimum 
of  adjustment.  And,  of  course,  it 


Gondola  car  showing  mounting  oi  recoiver.  Complete  receivers  ore  shown  in  left 
foreground  with  tuning  unit  and  relay  at  right 


must  be  inexpensive  and  suitable 
to  mass  production  technique. 

Receiver  Design 

The  use  of  miniature  vacuum 
tubes  was  considered  in  the  early 
stages  of  receiver  development  but 
rejected  principally  because  of  the 
problem  of  plate  and  filament  sup¬ 
ply.  While  a  miniature  step-up 
transformer  and  metallic  rectifier 
pile  could  easily  be  built,  the  oper¬ 
ating  track  voltage — which  would 
serve  as  the  power  source — nor¬ 
mally  ranges  between  6  and  18 
volts.  So  wide  a  variation  in  the 
power  supply,  as  well  as  the  cost, 
rendered  the  use  of  vacuum  tubes 
impractical  in  the  receivers. 

The  circuit  selected  for  the  re¬ 
ceiving  stations  is  an  r-f  series  cir¬ 
cuit  utilizing  a  small  commercial 
type  mica  capacitor  and  a  minia¬ 
ture  permeability-tuned  inductor. 
The  high  r-f  voltage  developed  at 
resonance  across  the  inductor  coil 
is  stepped  down  in  a  center-tapped 
secondary  winding,  and  then  recti¬ 
fied  by  means  of  two  metallic  recti¬ 
fiers.  Sufficient  power  is  thus 
obtained  from  the  r-f  signal  to 
operate  a  sensitive  d-c  relay  in  the 
power  circuit,  shown  in  Fig.  1. 

Of  the  several  types  of  metallic 
rectifiers  investigated,  copper  oxide 
instrument  type  discs  proved  the 
most  practicable,  principally  be¬ 
cause  their  resistance  was  of  an 
order  of  magnitude  that  can  be 
matched  to  a  convenient  size  600- 
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Test  setup  for  adiustment  of  two  receiTeis  in  locomotiTO  tender,  one  for  controllinq 
locomotiee  and  one  to  operate  whistle.  Sprinq  assembly  in  ioreqround  proeides 
predetermined  mechanical  load  for  couplsfts 


ohm  relay.  Selenium  rectifiers, 
while  satisfactory  in  most  respects, 
were  rejected  because  they  were 
not  at  the  time  readily  available  in 
instrument  sizes.  Their  relatively 
higher  resistance  would  also  have 
required  a  higher  impedance  relay, 
having  a  poorer  winding  space  fac¬ 
tor,  and  lower  pow’er  sensitivity. 

Freqaeney  of  Oporation 

The  first  experimental  outfit  was 
built  to  operate  within  the  range 
of  50  to  80  kilocycles.  Further  tests 
proved,  however,  that  the  capaci¬ 
tance  of  the  rectifier  discs  did  not 
unduly  load  the  output  until  fre¬ 
quencies  of  the  order  of  500  kc  were 
reached.  Consequently,  the  fre- 
frequemy  channel  was  raised  to  be¬ 
tween  240  and  360  kc,  which  while 
still  low  enough  to  avoid  interfer¬ 
ence  in  the  standard  broadcast 
band,  reduced  further  the  size  and 
cost  of  the  components. 

Two  other  considerations  influ¬ 
enced  the  selection  of  the  upper  fre¬ 
quency  limit.  When  higher  fre¬ 
quencies  were  employed,  stability 
of  individual  components  became 
too  critical  for  economical  produc¬ 
tion.  Further,  the  shorter  wave¬ 
lengths  fall  within  the  order  of 
magnitude  of  practical  track  lay¬ 
outs  with  the  consequent  danger  of 
creating  standing  waves  at  points 
along  the  track. 

Possibly  the  key  to  a  successful 
receiver  circuit  without  vacuum 
tubes,  amplifier,  or  volume  control 
is  the  design  of  a  compact  and  rela¬ 
tively  inexpensive  relay  operating 
reliably  on  6  milliwatts  and 
handling  currents  up  to  4  amperes 
at  18  volts  for  at  least  10,000 


operations.  The  design  of  this  relay 
constituted  a  major  part  of  the  re¬ 
ceiver  development.  To  achieve  the 
necessary  sensitivity^  the  relay  is 
maintained  within  close  limits  of 
mechanical  tolerance. 

To  provide  a  simple  and  compact 
means  of  adjustment  the  lower  con¬ 
tact  was  designed  in  the  form  of 
an  eccentric  disc  which  can  be  ro¬ 
tated  to  properly  regulate  the  mag¬ 
netic  air  gap.  Because  the  armature 
spring  restoring  force  at  the  con¬ 
tact  points  is  only  1.5  grams,  spe¬ 
cial  nonwelding  contact  material 
had  to  be  found.  A  solid  palladium 
.‘silver  disc  proved  to  be  the  solution. 

The  exigencies  of  space  also  re¬ 
sulted  in  the  design  of  a  novel  jar- 
proof,  self-locking  permeability 
adjustment  illustrated  in  Fig.  2.  A 
molded  tube  serves  as  a  channel  for 
the  movement  of  the  pressed  iron 
tuning  plunger.  The  upper  end  of 
the  tube  is  slotted  and  threaded.  A 
split  retaining  ring  forced  over  the 
slotted  end  of  the  tube  maintains  a 
continuous  locking  pressure  upon 
the  adjusting  screw  regardless  of 
the  thread  wear.  The  outside  of  the 
tube  serves  as  mounting  for  the  coil 
and  the  same  molding  contains 
nests  for  the  miniature  rectifier 
discs  which  are  kept  in  position  by 
means  of  a  metal  contact  plate 
crimped  to  the  molding. 

The  receiver  unit  as  finally  de¬ 
veloped  operates  with  an  overall 
system  efficiency  of  8  percent  and 
is  housed  together  with  the  relay 
within  a  molded  plastic  housing 
measuring  1  x  2i  x  i  inches,  or  al¬ 
most  exactly  the  volume  of  a  safety 
match  box.  A  typical  resonance 
curve  is  shown  in  Fig.  3. 


The  criteria  of  low  cost  and  high 
order  of  frequency  stability  under 
a  wide  range  of  operating  condi¬ 
tions  also  governed  the  design  of 
the  transmitter.  Early  determina¬ 
tion  of  power  requirements  revealed 
that  the  r-f  shunting  effect  of  mo¬ 
tors,  solenoids  and  other  operating 
equipment  containing  windings 
either  with  or  without  iron  cores 
was  negligible ;  the  only  serious 
problem  was  offered  by  lamps. 

The  average  lamp  used  in  mini¬ 
ature  railway  layouts  operates  on 
12  volts  and  consumes  i  ampere. 
Assuming  a  maximum  of  20  lamps 
in  parallel,  the  total  hot  lamp  re¬ 
sistance  approximates  2.5  ohms.  To 
this  resistance,  however,  is  added 
track  and  contact  resistances  and 
lead  impedances  so  that  the  maxi¬ 
mum  r-f  impedance  is  seldom  less 
than  10  ohms  under  the  most  ad¬ 
verse  operating  conditions.  To 
maintain  good  voltage  regulation 
the  transmitter  output  is  matched 
to  1.5  ohms.  Since  power  require¬ 
ments  thus  do  not  exceed  0.6  watt, 
it  is  possible  to  employ  a  type  117 
diode-pentode  which  develops  one 
watt  of  power  and  operates  directly 
from  the  line. 

The  power  leads  normally  con¬ 
necting  the  track  layout  to  the  var¬ 
iable  low-voltage  transformer  offer 
an  easy  solution  to  the  transmission 
problem.  A  wired  wireless  system 
has  been  adopted,  and  the  r-f  trans¬ 
mitter  output  superimposed  di¬ 
rectly  on  the  train  power  circuit. 


FIG.  2 — Drowinq  of  the  receiver  proper 
showinq  split  lock  rinq  at  top,  adiiutable 
tuninq  core  and  tuninq  colL  The  rectifier 
discs  ore  under  the  contact  plate  tabs  to 
left  and  center 
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age  is  applied  only  when  the  trans-  quence  operations  to  be  controlled 
mitter  is  in  actual  operation,  the  by  one  receiver, 
normal  tube  life  of  600  hours  is  ex-  Because  satisfactory  operation  of 
tended  considerably.  Interchanging  ‘  the  system  depends  not  only  on  the 
tubes  has  negligible  effect  upon  the  accurate  setting  of  the  transmitter 
transmitter  frequency  because  of  frequencies  and  the  proper  sensi- 
the  large  circuit  capacitances.  tivity  range  of  the  relays  but  also 

Ten  taps  on  the  oscillator  tank  upon*  the  delivery  of  constant  volt- 
coil,  each  connected  to  a  separate  age  to  the  receiver  input  terminals, 
contact  button  on  the  control  panel  it  is  sometimes  advisable  to  reduce 
illustrated,  provide  ten  fixed  operat-  r-f  losses  in  the  track  itself  by  em- 
ing  frequencies  in  steps  varying  ploying  auxiliary  lamp  cord  feed- 
geometrically  from  11.3  to  18.7  kc.  ers,  spacing  them  approximately  20 
For  easier  identification,  each  con-  feet  apart  along  the  track, 
trol  button,  in  addition  to  being  There  is  no  direct  interference 
numbered,  is  molded  in  a  distihc-  with  radio  receivers  since  the 
tive  color  plastic  which  corresponds  fundamental  transmitter  frequen- 
to  a  like-colored  disc  upon  its  cies  are  well  below  the  commercial 
“drone”  car.  A  standard  electronic  broadcast  band.  It  has  been  found, 
control  outfit  contains  six  receivers,  however,  that  second  and  third  har- 
one  to  control  the  locomotive  re-  monies  can  be  picked  up  by  a  sensi- 
versing  unit,  one  to  operate  the  tive  set  located  in  the  same  room, 
train  whistle  and  the  remaining  ^despite  the  fact  that  the  miniature 
four  to  trigger  the  electromagnetic  track  layout  is  in  effect  a  closed 
couplers  on  each  of  the  four  cars,  nonradiating  parallel  wire  system. 
The  transmitter  therefore  fur-  Since  the  harmonic  content  is  neg- 
nishes  four  spare  channels  that  ligible  the  problem  is  not  serious, 
may  be  used  for  additional  equip-  Transmitter  radiation  is  well  within 
ment,  or  to  operate  several  trains  the  allowable  FCC  limit, 
independently  on  the  same  railroad  An  interesting  sidelight  of  the 
system.  electronic  control  system  has  been 

the  development  of  an  electromag- 
Aaxiliary  SwitehiRg  netic  railroad  knuckle-type  coup- 

The  utility  of  the  receivers  has  ler  which  makes  it  possible  for  two 
been  extended  by  auxiliary  switch-  adjacent  cars  to  be  uncoupled  by 
ing  mechanisms,  such  as  a  thermal  opening  either  of  the  mating  coup- 
delay  switch  incorporated  in  the 
automatic  dump  car  to  save  an  ad¬ 
ditional  receiver.  In  this  device  a 
V-shaped  bimetal  strip  in  series 
with  the  couplers  closes  the  dump¬ 
ing  circuit  when  the  transmitter 
button  for  that  car  is  held  down  a 
few  seconds.  The  use  of  a  step  or 
a  sequence  switch,  such  as  em¬ 
ployed  in  the  locomotive  reversing 
unit,  permits  any  number  of  se- 
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FIG.  3 — RrcrItm  resonance  casre. 
is  open  circuit  eoltage:  is  Toitage  with 

circuit  loaded  by  500-ohm  reloy 


with  connection  as  shown  in  Fig.  4. 
The  transformer  output  winding, 
which  acts  as  an  r-f  choke,  is  effec¬ 
tively  bypassed  by  a  0.1  /if  capaci¬ 
tor. 

While  oscillating  circuits  that  are 
not  crystal  controlled  are  ordinar¬ 
ily  considered  unstable,  it  was 
found  that  by  proper  selection  of 
circuit  constants  frequency  is 
maintained  within  0.1  percent. 
Transmitters  are  thus  completely 
interchangeable.  To  achieve  this 
result  the  tank  circuit  mica  capaci¬ 
tors  selected  within  3  percent  'tol¬ 
erance,  are  shunted  by  a  trimmer 
for  accurate  setting  under  load  of 
final  frequency  value.  These  capac¬ 
itors,  as  well  as  the  receiver  capaci¬ 
tor,  receive  Class  C  RMA  treatment 
to  prevent  drift  due  to  aging.  The 
tapped  oscillator  tank  coil  is  wound 
upon  a  machine-threaded  phenolic 
tube,  the  outside  diameter  of  which 
is  maintained  within  0.2  percent 
tolerance. 

These  precautions  have  resulted 
in  transmitter  stability  that  is  well 
within  the  required  limits  of  accur¬ 
acy.  Variation  of  line  voltage  from 
90  to  125  volts  has  a  scarcely  per¬ 
ceptible  effect,  causing  a  frequency 
drift  of  less  than  30  cycles.  Varia¬ 
tions  in  transmitter  load  from  open 
circuit  up  to  maximum  of  10  ohms, 
shift  frequency  not  quite  400  cycles 
from  its  normal  operating  adjust¬ 
ment.  Frequency  drift  .  due  to 
changes  in  normal  ambient  temper¬ 
ature  is  negligible. 

Transmitter  output  distribution, 
shown  in  Fig.  5,  is  relatively  fiat 
over  the  'entire  transmitter  range 
even  under  maximum  track  loading. 
Since  the  vacuum  tube  plate  volt- 


FIG.  5 — Graph  oi  transmitter  output  into 
a  12-ohm  toad  lor  different  frequencies 


TO  TRANSFORMER 


TO  TRACK 


FIG.  4 — Schematic  wiring  diagram  of  transmitter.  Ten  different  frequencies  are 
aToilable  using  pushbuttons  to  setect  them  and  to  turn  on  plate  current 
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Motor-driven  5-rpm  commutator  in  simple  trigger  circuit  causes  ignitron  to  fire  and  apply 
high-voltage  pulse  to  grid  of  tube  being  tested.  Resulting  grid  and  plate  voltage  and 
current  pulses  are  measured  on  high-persistence  c-r  tube  by  means  of  calibrating  spot 
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The  purpose  of  the  pulse-type 
high-power  tube  tester  herein 
described  is  to  obtain  simultaneous 
measurements  of  plate  voltage, 
plate  current,  grid  voltage,  and 
grid  current  at  the  crest  of  the 
grid-current  curve  of  a  triode  when 
the  grid  current  is  made  to  vary 
as  a  pulse  of  very  short  duration. 

An  electrically  operated  commu¬ 
tator  alternately  applies  to  a 
cathode-ray  oscilloscope  a  signal 
from  the  tube  tester  or  a  signal 
from  a  calibrating  circuit.  When 
the  tube  tester  is  connected  to  the 
oscilloscope,  a  voltage  proportional 
to  the  grid  current  is  applied  to 
the  horizontal  plates  while  the 
vertical  deflection  is  produced  by 
either  the  plate  voltage,  plate  cur¬ 
rent,  or  grid  voltage  as  desired. 

The  operator  obtains  readings  of 
the  peak  values  by  matching  a 
calibrating  spot  with  the  end  of  the 
characteristic  curve  as  seen  on  the 
long-persistence  screen  of  the  oscil¬ 
loscope.  This  voltage  is  applied  directly  to  essential  in  this  method  because  of 

The  apparatus  was  designed  to  the  horizontal  plates  of  a  cathode-  the  use  of  pulses  having  high  rates 

test  tubes  of  the  type  used  for  ray  oscilloscope.  The  plate  current  of  change  of  current, 

loran.  The  tube  can  be  supplied  is  measured  in  similar  fashion  by  The  combination  C^JRtRt  forms 
with  plate-current  pulses  of  200  applying  directly  to  the  vertical  a  compensated  voltage  divider  to 

amperes  at  plate  voltages  up  to  plates  of  the  oscilloscope  the  supply  a  known  fraction  of  the 

20,000  volts.  The  grid  voltage  may  voltage  across  the  noninductive  plate  voltage  to  the  oscilloscope, 

be  varied  from  —5,000  to  -f  10,000  .  shunt  i?,.  By  means  of  switch  SWi,  Similarly,  CtCJtJta  form  another 

volts.  the  vertical  plates  may  be  con-  compensated  voltage  divider  for 

nected  either  across  for  plate  the  measurement  of  grid  voltage. 
Measuring  Circnit  current  measurement,  across  for  Each  voltage  divider  is  carefully 

The  measuring  circuit  is  shown  plate  voltage  indications,  or  across  adjusted  with  the  aid  of  a 

in  Fig.  1.  The  grid  current  is  for  determining  the  grid  voltage,  square-wave  generator  so  that 

measured  in  terms  of  the  voltage  Complete  shielding  of  all  portions  when  a  square  wave  of  voltage 

across  a  noninductive  shunt  R,o.  of  the  measuring  circuits  is  most  is  applied  across  the  divider,  a  good 
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FIG.  1 — Muosuring  circuit  for  pulse-type  tube  tester 


reproduction  of  the  square  wave 
appears  across  the  low-voltage 
section. 

The  high-voltage  section  of  each 
divider  is  enclosed  in  an  aluminum 
shield.  The  low-voltage  section 
plugs  into  sockets  mounted  on  the 
shield.  The  shield  and  the  bottom 
of  the  low-voltage  section  are 
grounded  to  a  common  point  which 
also  serves  as  the  ground  connec¬ 
tion  for  the  tube  to  be  tested,  the 
cage  which  holds  the  apparatus, 
“and  the  shunts  A,  and  Ru>.  By  the 
use  of  a  common  ground  point, 
ground  currents  are  kept  out  of  the 
cage  and  shields,  and  thus  mag¬ 
netic  disturbances  from  ground 
currents  are  minimized. 

Connections  from  the  voltage 
dividers  and  shunts  to  the  oscillo¬ 
scope  are  made  through  coaxial 
cable.  The  grounded  side  of  each 
shunt  and  voltage  divider  is  con¬ 
nected  to  the  outer  conductor  of  the 
corresponding  cable.  All  these 
cables  run  to  a  junction  box  which 
contains  switch  SWi  and  relay  RYi. 
The  junction  box  is  grounded  to  the 
common  ground  point,  but  all  cable 
connections  are  insulated  from  the 
box.  Thus,  if,  because  of  very 
heavy  tube  currents,  the  grounded 
side  of  a  cable  should  be  at  a  dif¬ 
ferent  potential  from  ground,  no 
part  of  the  tube  current  will  flow 
through  the  outer  conductor  of  the 
cable.  With  these  precautions  in 
grounding  and  shielding,  no  mag¬ 
netic  pickup  or  interaction  between 
circuits  is  observed. 


The  impulse  of  grid  current  is 
controlled  by  the  ignitron  RX-226A. 
When  the  trigger  circuit  causes 
the  ignitron  to  fire,  the  voltage  on 
capacitor  C«  is  applied  between  grid 
and  cathode  of  tube  X.  The  in¬ 
ductance  L  retards  the  rise  and  fall 
of  grid  current  sufficiently  to  pro¬ 
vide  a  grid-current  pulse  which 
rises  rapidly  and  then  holds  a 
rounded  peak  for  several  njicro- 
seconds  before  dropping. 

PMlM-FormiRg  Cireait 

Before  the  ignitron  is  fired,  the 
grid  of  the  tube  X  is  kept  at  a 
negative  potential  by  a  bias  power 
supply  acting  through  R».  This 
negative  bias  is  adjustable  to  a 
maximum  of  5,000  volts  and  is  set 
at  a  value  sufficient  to  hold  the 
plate  current  to  a  negligible  value 
over  the  normal  range  of  plate 
voltage. 

By  means  of  voltage  divider 
R^Rs  in  Fig.  1,  a  portion  of  the  grid 
voltage  is  fed  to  the  intensity  con¬ 
trol  of  the  oscilloscope.  When  the 
ignitron  fires,  the  intensity  of  the 
electron  beam  is  greatly  increased, 
and  the  rapidly-formed  trace  is 
made  visible  on  the  long-per¬ 
sistence  screen.  (Battery  B,  serves 
to  position  the  electron  beam  to  the 
left  of  the  center  of  the  screen.) 

The  oscilloscope  beam  is  deflected 
horizontally  by  the  grid  current, 
and  vertically  by  either  the  plate 
voltage,  plate  current,  or  grid 
voltage,  depending  on  the  setting 
of  SWi.  When  the  grid  current  is 


at  its  peak,  the  beam  is  deflected 
to  a  maximum  horizontally.  Hence, 
if  observations  are  made  on  each 
vertical  signal  at  the  extreme  of 
the  horizontal  deflection,  all  read¬ 
ings  are  obtained  at  the  peak  of  the 
grid  current. 

Calibration  Procedure 

In  order  to  calibrate  the  oscillo¬ 
scope  and  thus  obtain  the  true 
value  of  each  measured  quantity 
from  the  deflection  on  the  screen, 
two  variable  d-c  voltages  are  pro- 
.vided,  as  shown  in  Fig.  2.  By 
means  of  battery  Bi,  potentiometer 
Rij,  and  voltmeter  Vi,  a  known 
voltage  of  any  desired  value  can  be 
applied  to  the  vertical  plates;  Bt, 
Ri,  and  F,  supply  a  similar  known 
adjustable  voltage  for  the  horizon¬ 
tal  plates.  When  relay  RYi  is  in 
the  position  shown  in  Fig.  1,  these 
calibrating  voltages  are  applied  to 
the  oscilloscope. 

By  adjusting  R„  and  Ra,  the  lum¬ 
inous  spot  may  be  moved  to  any 
point  on  the  screen.  Thus  the  spot 
may  be  moved  to  the  end  of  the 
signal  trace,  and  by  reading  Vi  and 
F„  the  vertical  and  horizontal  de¬ 
flection  voltages  can  be  determined 
at  the  peak  of  the  grid  current. 
Knowing  these  deflection  voltages 
and  the  resistance  of  shunts  Rt  and 
Rio,  the  plate  and  grid  currents 
may  be  found.  Similarly,  knowing 
the  voltage  divider  ratios,  the  plate 
and  grid  voltages  may  be  deter¬ 
mined. 

In  order  to  keep  the  outer  con¬ 
ductors  of  all  coaxial  cables  at 
ground  potential,  it  is  necessary  to 
have  the  plate  and  grid  voltages 
cause  a  deflection  in  the  opposite 
direction  from  that  caused  by  the 
plate  current.  Switch  SWj  re¬ 
verses  the  polarity  of  the  calibrat¬ 
ing  voltage  whenever  the  polarity 
of  the  signal  voltage  changes. 

Relay  RYi  switches  the  oscillo¬ 
scope  from  signal  to  calibration. 
When  the  relay  .is  energized,  the 
signal  is  fed  to  the  oscilloscope. 
When  the  relay  coil  current  is  re¬ 
moved,  the  oscilloscope  is  connected 
to  the  calibrating  voltages. 

The  operation  of  relay  RYi  is 
controlled  by  the  trigger  circuit 
shown  in  Fig.  2.  This  circuit  in¬ 
cludes  a  mechanical  commutator 
having  three  contacts.  The  com¬ 
mutator  rotates  at  5  rpm.  The 
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rotating  Bakelite  disc  contains  a 
brass  insert  which  connects  the 
contacts  with  each  other  as  the 
disc  turns.  When  contacts  A  and 
B  are  connected  by  the  brass  insert, 
relay  RYx  is  energized  by  trans¬ 
former  TRi,  and  the  measuring 
circuit  is  connected  to  the  oscillo¬ 
scope. 

When  all  three  contacts  are 
connected  together,  relay  RYt  is 
energized.  This  relay  causes  C,  to 
discharge  through  the  primary  of 
transformer  TR^.  The  pulse  of 
voltage  from  the  secondary  of  TR^ 
fires  the  ignitron  and  thus  applies 
the  grid  voltage  to  tube  X.  As  the 
commutator  continues  to  rotate, 
both  RYi  and  RY,  are  deenergized, 
and  the  calibration  voltages  are 
applied  to  the  oscilloscope.  Thus, 
five  times  a  minute,  the  following 
cycle  of  operations  takes  place :  iJY, 
closes,  RYt  closes,  the  ignitron  fires, 
RYt  and  RYt  open.  With  RYt 
closed,  the  operator  sees  the  tube 
characteristic  on  the  oscilloscope 
screen.  With  RYt  open,  he  sees  the 
spot  as  positioned  by  the  calibrat¬ 
ing  voltage. 

The  operation  of  the  mechanical 
commutator  is  made  automatic  by 
setting  switch  SWt  in  Fig.  2  on 
Aut.  When  this  switch  is  open 
(position  indicated  as  Man)  the 
commutator  does  not  rotate.  With 
SW,  open,  the  operation  of  the  com¬ 
mutator  may  be  controlled  manually 
by  pushbutton  SW,  on  the  main 
panel,  or  by  SWt  which  is  a  remote 
trigger  mounted  at  the  end  of  a 
long  cord.  The  6X5  tube  shown  in 
Fig.  2  is  a  rectifier  which  charges 

Ct. 

Protective  Devices 

To  insure  the  safety  of  both  op¬ 
erator  and  equipment,  various  pro¬ 
tective  devices  are  provided.  In 
Fig.  1,  Ni,  Nt  and  N,  are  i-watt 
neon  bulbs.  Should  a  flashover 
occur  in  any  of  the  high-voltage 
circuits  these  neon  bulbs  together 
with  resistors  Rta,  Rvt,  and  Ru  will 
prevent  the  voltages  applied  to  the 
oscilloscope  from  exceeding  a 
value  of  approximately  70  volts. 

Spark  gap  SGt  is  set  to  break 
down  at  20,000  volts  in  order  to 
protect  Cl,  which  is  rated  at  25,000 
volts.  Gap  SGt  breaks  down  at  10,- 
000  volts  to  protect  the  12,500-volt 
capacitors  at  C,. 


Paper  gaps  SGt  and  SG,  are  de¬ 
signed  to  break  down  and  form  a 
mechanical  short-circuit  if  exces¬ 
sive  voltage  should  appear  across 
either  shunt  Rt  or  i2,o.  These  gajJs 
each  consist  of  a  spring  whose 
pointed  end  presses  against  a  brass 
plate.  A  piece  of  thin  paper  is 
placed  between  the  point  and  the 
plate.  If  excessive  current  should 
be  passed  through  the  shunt,  the 
paper  is  punctured,  the  spring 
makes  contact  with  the  plate,  and 
the  shunt  is  short-circuited. 

In  order  to  prevent  the  operator 
from  applying  plate  voltage  to  kibe 
X  before  the  negative  grid  bias  is 
connected,  the  power  controls  are 
interlocked  as  shown  in  Fig.  3. 
Closing  switch  SWt  applies  filament 
voltage  to  the  866A  mercury-vapor 
tubes  in  the  bias  power  supply. 
This  switch  also  supplies  voltage 
for  SWt.  Closing  SW,  applies  plate 
voltage  to  the  bias  rectifier  and 
thus  provides  the  negative  bias  for 
tube  Xt  After  SW.  is  closed, 
voltage  is  available  for  the  grid 
and  plate  power  supplies. 

The  use  of  two  autotransformers 
in  the  high-voltage  parts  of  the 
grid  and  plate  power  supplies  is 
an  added  safety  feature.  In  each 
system,  one  autotransformer  is 
placed  out  of  the  operator’s  reach 
and  is  set  so  that  when  the  second 
autotransformer  is  adjusted  by  the 
operator,  no  dangerously  high 
voltages  may  be  applied  to  the  tube 


X  at  any  setting  of  the  operator’s 
control  transformer. 

Switch  SWii,  mounted  on  the 
main  panel,  turns  on  the  blowers 
which  cool  tube  X  and  also 
provides  voltage  for  SW«.  Closing 
SW„  applies  voltage  to  the  filament 
of  tube  X  and  also  provides  voltage 
for  the  trigger  circuit. 

When  the  tube  tester  is  used  for 
making  measurements,  it  is  advis¬ 
able  to  keep  the  oscilloscope  signal 
voltages  between  25  and  50  volts. 
Voltages  below  25  give  defiections 
whose  short  length  increases  errors 
in  measurement.  Voltages  much 
in  excess  of  50  volts  may  cause  the 
neon  protective  bulbs  to  ignite  and 
give  a  false  indication. 

To  keep  the  oscilloscope  voltages 
within  the  required  range  when 
measuring  grid  or  plate  voltages, 
each  voltage  divider  is  provided 
with  several  different  low-voltage 
sections.  Thus,  the  plate-circuit 
voltage  divider  has  four  low- 
voltage  sections  providing  voltage 
ratios  of  approximately  50,  100, 
200,  and  400.  These  ratios  cover 
the  voltage  ranges  0-2,500,  2,500- 
5,000,  5,000-10,000,  and  10,000- 
20,000  respectively. 

Similarly,  shunts  of  different 
value  are  provided  for  R.  and  R,o. 
For  Rt  the  available  resistances  are 
approximately  2,  1,  0.5,  and  0.25 
ohms  covering  the  current  ranges 
0-25,  25-50,  50-100,  and  100-200 
amperes  respectively. 
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lag  OF  Tj  CONSTANT 


A-F  AMPLITUDE 


CARRIER  deviation 


FIG.  1 — ^Basic  modulotor  consists  ol  a  phase-shifting  network 
feeding  two  differential  amplitude-modulating  tubes.  The 
Tector  output  is  phase  hiodulated 


FIG.  2 — Addition  of  two  components  of  roiying  amplitude  and 
constant  phase  difference  ghres  a  signal  of  constant  amplitude 
and  Turying  phase  position 


Assistant  Prefect  Engineer 
Communication  and  Navigation  Dept. 
Bendix  Radio  Division 
Bendix  Aviation  Corp., 
Baltimore,  Md. 


For  the  purpose  of  this  discus¬ 
sion  we  will  regard  phase-shift 
modulation  as  adding  or  subtract¬ 
ing  increments  of  time  throughout 
each  r-f  cycle.  If  equal  increments 
of  time  are  added  to  each  cycle,  the 
resultant  frequency  will  be  lower 
than  before  and  constant.  How¬ 
ever  if  we  add  increasingly  larger 
increments  of  time  to  succeeding 
r-f  cycles,  the  frequency  reduces  in 
accordance  with  the  sizes  of  these 
increments.  If  the  increments  are 
proportional  to  sine  functions, 
those  at  the  beginning  of  the 
modulating  cycle  will  be  largest, 
displacing  the  frequency  by  the 
greatest  degree,  while  those  toward 
90  degrees  of  the  modulating  cycle 
will  tend  toward  zero,  at  which  time 
the  r-f  will  return  to  normal  fre¬ 
quency.  The  carrier  deviation  is 
proportional  to  the  rate  at  which 
these  time  increments  increase  or 
decrease  and  not  to  their  magni¬ 
tude. 

If  the  phase  between  two  carriers 
remains  constant  they  will  have  the 
same  frequency  regardless  of  the 
amount  by  which  their  phase  dif¬ 
fers.  Thus  if  time  (and  hence 
phase)  increments  follow  a  sine- 


frequency  can  be  changed  as  much 
as  desired  within  the  circuit  capa¬ 
bilities,  but  with  phase-shift  modu¬ 
lation  we  do  not  change  the  base  or 
oscillator  frequency,  we  continu¬ 
ously  shift  the  phase  of  a  frequency 
component  derived  from  the  oscil¬ 
lator.  The  oscillator  component  is 
never  completely  detached  from  the 
multiplier-amplifier  following  it  so 
its  component  is  always  part  of  the 
driving  force.  For  this  reason  the 
phase  shift  is  limited  to  an  amount 
which  will  not  seriously  change  the 
driving  amplitude. 

For  example,  if  the  phase  shift 
becomes  as  much  as  IBO  degrees, 
the  derived  phase  component  will 
cancel  the  normal  oscillator  com¬ 
ponent  and  there  will  be  no  output, 
providing  that  the  amplitudes  are 
equal.  This  fact  restricts  the  angle 
of  phase  shift  to  an  amount  which, 
with  the  oscillator  component,  will 
not  seriously  affect  the  total  ampli¬ 
tude  used  to  drive. the  multiplier- 
amplifier.  For  a  complete  discus¬ 
sion  of  the  theory  of  various  forms 
of  angle  modulation  refer  to  Fre¬ 
quency  Modulation  by  W.  L. 
Everitt,  A.  I.  E.  E.  Trans.,  Nov. 
1940,  p  613. 


A  FREQUENCY-MODULATION  sys¬ 
tem  was  developed  concur¬ 
rently  with  amplitude-modulation 
equipment  for  railroad  communica¬ 
tion  so  that  its  advantages  could  be 
made  known  to  the  railroads.  The 
equipment  was  designed  so  that 
conversion  from  one  type  of  modu¬ 
lation  to  the  other  would  be  as 
simple  as  possible.  While  the 
amplitude-modulation  system  is 
conventional,  the  frequency-modu¬ 
lation  system  offers  some  inter¬ 
esting  aspects. 

Phase-Shift  MedalatioN 

The  phase-shift  method  of 
modulation  was  chosen  for  this 
mobile  equipment  so  that  direct 
crystal  control  could  be  used  for  the 
carrier.  The  use  of  a  master 
oscillator  with  correction  circuits 
necessary  for  the  frequency  stabil¬ 
ity  required  in  the  vhf  band  of  152 
to  162  me  was  regarded  as  imprac¬ 
tical.  With  phase-shift  modulation, 
the  carrier  is  derived  from  a  crystal 
oscillator,  the  frequency  of  which 
remains  unchanged  in  the  process 
of  modulation. 

With  reactance-tube  frequency 
modulation  the  base  or  oscillator 
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Phase  Modulator 

Technique  for  phase  modulating  a  crystal-controlled  carrier,  whereby  two  compon¬ 
ents  of  fixed  phase  difference  are  amplitude  modulated  and  added  to  ^ve  the  out¬ 
put,  is  described.  Circuit  can  be  used  to  give  frequency  modulation,  or  modified  to 

give  amplitude  modulation 


wave  form,  their  rate  of  chancre 
will  follow  a  cosine  form.  If  these 
increments  follow  a  transient  form, 
their  rate  will  follow  as  their  first 
differential. 

Modalation  Relationships 

If  we  define  the  instantaneous 
voltage  of  a  sine  wave  as 

e  =  Ea  sin  ui  (1) 

we  must  realize  that  the  angular 
velocity  oit  is  changing  in  fre¬ 
quency  modulation  according  to  one 
law  for  the  reactance  tube  and  ac¬ 
cording  to  another  for  the  phase- 
shift  method.  Suppose  that  we  are 
to  phase-shift  modulate  with  an¬ 
other  sine  wave  defined  as  Ej  sin  uht, 
then  the  angle  oit  in  Eq.  1  would 
have  to  be  altered  as  u)f  -f-  Ei  sin 
o),t.  However  the  amplitude  here 
defined  as  Ei  has  the  meaning  that 
a  maximum  number  of  degrees  or 
radians  of  angle  is  to  be  added  to 
or  subtracted  from  the  original 
angle  <i>.  The  circuit  analysis  to 
follow  will  show  that  the  a-f  ampli¬ 
tude  Et  produces  a  proportional 
phase  shift.  If  it  is  more  convenient 
to  regard  (at  as  a  rotation,  then  the 
addition  of  E,  sin  (i>,t  simply  means 
that  this  rotation  is  periodically 
accelerated  and  decelerated  by  an 
amplitude  Ei  and  a  period  (a,t.  If 
El  is  actually  a  maximum  angle  set 
by  the  design  of  the  equipment,  it 
may  be  designated  more  properly  as 
an  angle  <f>  in  which  case  the  entire 
equation  for  a  phase-modulated 
wave  becomes 

e  =  Eo  sin  (cot  +  0  sin  coit)  (2) 

Because  we  are  not  immediately 


interested  in  the  energy  distribu¬ 
tion  in  the  radio  spectrum  it  is 
possible  to  make  a  very  simple 
analysis  of  Eq.  2. 

The  part  of  the  total  carrier 
angle  tat  +  sin  <D,f  which  accounts 
for  modulation  only  is  </>  sin  <ait. 
Moreover,  we  have  just  found  that 
it  is  the  rate  of  change  of  this 
expression  which  determines  the 
frequency  deviation  of  the  carrier, 
hence 

,,  . ,  d  ((^  sin  Wit) 

2xA/  =  - -  =  wi<^  cos  Wit 

=  cos  Wit 

N  =  /"‘t'  cofl  (1  =  0  for  A/m**) 

A/  =  S„<t,  (3) 

where  wi  =  2x/m 

Sn  —  m^ulating  frequency 
<t>  =  angle  in  radians  ^ 

^  Cireait  Oparation 

A  simple  circuit  for  performing 
this  type  of  modulation  fundamen¬ 
tally  is  shown  in  Fig.  1.  Elements 
Cl  and  Li  are  the  crystal-oscillator 
plate- tank  components  adjusted  for 
oscillation  in  the  usual  way.  The 
circuit  LjCs,  inductively  coupled  to 
the  oscillator  tank,  is  adjusted  so 
that  it  acts  capacitively.  For  exam¬ 
ple,  if  the  phase  shift  produced  by 
Cl  and  Lj  while  loaded  with  and 
the  distributed  input  values  of  Mod 
No.  1  could  be  made  plus  45  degrees, 
and  that  from  LjCi  in  turn  made 
minus  45  degrees  by  detuning  for 
higher  inductance,  then  the  poten¬ 
tial  on  Mod  No.  1  would  be  90  de¬ 
grees  out  of  phase  with  respect  to 
that  of  Mod  No.  2  (Fig.  1). 
Now  if  these  tubes  (12SA7’s) 
are  differentially  (push-pull) 


amplitude  modulated  at  their 
No.  3  grids  by  an  a-f  input  indi¬ 
cated  so  that  the  r-f  in  the  No.  1 
grids  can  be  used  in  inverse  de¬ 
grees,  CXs  will  alternately  be  driven 
with  the  r-f  component  from  the 
grid  of  one  of  the  12SA7  modulat¬ 
ors  and  then  the  other.  During  one- 
half  of  an  audio  cycle,  the  utility  of 
the  r-f  energy  in  the  modulator 
grid  circuits  will  be  transferred 
from  one  12SA7  to  the  other  and 
90  degrees  of  r-f  phase  will  be 
gained  or  lost  depending  on  the  in¬ 
stantaneous  polarity  of  the  a-f.  The 
modulation  process  will  bring  about 
a  smooth  transition  of  energy  from 
one  source  to  the  other. 

The  mechanism  of  this  type  of 
modulation  is  shown  in  Fig.  2.  The 
designation  Ci  refers  to  the  carrier 
component  entering  the  grid  of 
Mod  No.  1  (12SA7)  of  Fig.  1  and 
62  is  the  wave  entering  the  other 


riG.  3 — Determination  oi  frequency  dexi- 
ation  produced  by  modulator 
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12SA7  modulator  grid.  Each  cycle 
of  Cl  is  marked  off  and  its  period  Ti 
is  constant.  Likewise  c,  has  a  con¬ 
stant  period  T,  and  throughout  the 
entire  range  of  c,  it  is  lagging  Ci  by 
exactly  90  degrees. 

Now  Cl  is  decreasing  in  amplitude 
due  to  amplitude  modulation,  while 
c,  is  increasing  in  amplitude.  The 
sum  of  these  two  waves  is  desig¬ 
nated  c,.  This  sum- wave  (dotted 
curve  Fig.  2)  appears  in  CJLt  of 
Fig.  1.  Note  in  Fig.  2  that  as  the 
'  amplitudes  of  Ci  and  c*  change  in¬ 
versely  the  sum-wave  Cs  is  actually 
changing  frequency.  Its  frequency 
is  lowered  by  the  ratio  of  (ATi  -f  Ti) 
to  Ti.  It  appears  to  be  changing* 
phase  with  respect  to  Ci.  If  this 
process  can  be  made  to  take  place 
fast  enough,  a  considerable  fre- . 
quency  change  can  be  brought 
about.  To  understand  how  a  phase 
shift  amounting  to  a  fraction  of  an 
r-f  cycle  can  bring  about  many 
hundreds  or  even  thousands  of  cy¬ 
cles  deviation,  it  is  important  to 
note  carefully  that  only  one-half  of 
one  a-f  cycle  from  positive  to  neg¬ 
ative  peak  is  shown  in  Fig.  2. 

Freqmacy  Deviation 

We  must  produce  all  of  the  r-f‘ 
frequency  change  or  deviation  from 
the  carrier  in  the  time  consumed 
by  one-half  of  an  a-f  cycle  just  as 
we  must  achieve  all  of  the  ampli¬ 
tude  change  from  peak  to  peak  of 
the  a-f  cycle  in  this  time.  An  ex¬ 
ample  of  the  conditions  actually 
used  may  serve  even  better  to  ex¬ 
plain  the  phase  modulation. 

With  a  carrier  of  4.5  me  and  an 
a-f  of  1,000  cycles,  in  l/2000th  sec¬ 
ond  we  must  obtain  90  degrees  of 
phase  shift  betw’een  the  two  carrier 
components  derived  from  the  oscil¬ 
lator.  In  this  time  there  will  occur 
4,500,000/2,000  or  2,250  r-f  cycles. 
At  the  middle  or  1,125th  r-f  cycle 
the  maximum  deviation  will  occur. 

There  will  be  45  degrees  r-f  phase 
shift  at  the  middle  cycle  covering 
90  degrees  of  the  a-f  cycle.  Thus 
the  maximum  phase  shift  per  r-f 
cycle  to  quite  a  high  degree  of  ac¬ 
curacy  will  be 

A/  =  45  sin  (90/1125)° 

=  45  sin  0.08° 

=  0.06264° 

Figure  3  shows  the  conditions  in¬ 
volved  here.  Because  these  values 
are  given  in  degrees,  it  is  obvious 


that  if  the  time  of  one  cycle  is 
measured  by  360  degrees  that  the 
time  of  this  cycle  in  question  is 
longer  by  0.06264  degrees  and  the 
ratio  of  360  to  360.06264  is  1.0  to 
1.000174.  Multiplying  4.5  me  by 
this  figure  we  obtain  4.500783  me 
showing  that  the  carrier  has  devi¬ 
ated  783  cycles  from  4.5  me.  From 
Eq.  3  it  is  clear  that  the  deviation  is 
proportional  to  the  a-f  times  the 
total  angle  of  phase  modulation. 
For  example  with  1,000  cycles  a-f 
and  a  total  phase  shift  of  90  de¬ 
grees  or  x/2  radians,  from  Eq.  3 
we  have  l,000x/2  or  1,566  cycles 
total  deviation  of  which  783  cycles 
or  one-half  of  this  is  the  deviation 
in  one  direction  from  the  carrier. 
Thus  by  this  process  of  rapidly 
shifting  phase,  it  is  possible  to 
change  the  frequency  considerably. 

The  method  of  modulation  of  the 
12SA7  modulators  from  the  ampli¬ 
tude  viewpoint  in  Fig.  1,  is  not  im¬ 
portant  except  that  it  must  be  as 
linear  as  possible  and  as  near  100 
percent  as  ‘  possible  if  the  advan¬ 
tages  of  total  phase  shift  are  to  be 
realized.  Grid  modulation  using 
converter  tubes  such  as  the  12SA7’s 
shown  in  Fig.  1  provides  a  good 
means  although  100-percent  modu¬ 
lation  may  not  always  be  realized. 
Plate  modulation  would  seem  effec¬ 
tive  although  more  apparatus  is  re¬ 
quired  and  the  circuit  is  thereby 
made  more  complex. 

Because  the  r-f  phase-shift  rate 


and  hence  the  deviation  of  the  car¬ 
rier  is  dependent  upon  the  a-f,  the 
degree  of  modulation  must  be  ipade 
inversely  proportional  to  the  a-f  if 
a  constant  bandwidth  is  desired.  A 
network  for  accomplishing  this  was 
found  unnecessary  however  and 
was  not  used.  Because  the  tr.^nsieut 
noise  components  are  largest  in  the 
upper  part  of  the  a-f  band  the  mod¬ 
ulation  factor  (ratio  of  carrier 
•  deviation  to  a-f)  being  constant, 
the  noise  will  be  attenuated  more 
than  it  otherwise  would  be.  Audio 
correction  can  be  made  easily  in  the 
a-f  system  of  the  receiver. 

Practical  Circait 

Although  the  circuit  of  Fig.  1  is 
useful  for  explanation  it  is  not  a 
practical  circuit.  Adjustment  of 
the  phase-splitting  circuit  LjC, 
would  affect  the  operation  of  the 
oscillator.  Every  time  the  oscillator 
is  adjusted,  the  phase  between  the 
grids  of  the  12SA7  modulators  is 
altered.  Out  of  several  circuits 
tried,  a  final  design  was  chosen.  It 
is  shown  in  Fig.  4.  In  this  circuit, 
the  oscillator  may  have  any  phase 
suitable  for  oscillator  tank  compon¬ 
ents  Cl  and  Li. 

Using  the  output  voltage  at  C, 
as  a  reference,  components  are  fed 
through  resistors  Ri  and  to  two 
individual  tank  circuits  LjC.  and 
LsC«.  The  shunt  impedances  of  these 
tank  circuits  unloaded  are  approx¬ 
imately  80,000  ohms  at  resonance 


FIG.  4 — Actual  phase  modulator  circuit  as  used  in  railroad  conununication  equipment 
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and  they  lose  about  30  percent  of 
this  value  when  displaced  45  de¬ 
grees  in  phase  by  tuning.  Values 
of  Ri  and  up  to  560,000  ohms 
were  found  quite  successful,  but 
lower  values  made  adjustment  of 
Li  and  Lg  less  critical  and  suitable 
for  a  fair  degree  of  oscillator  fre¬ 
quency  range  without  readjust-  ^ 
ment.  In  addition,  the  grid  driving 
voltages  into  the  phase  modulators 
were  increased  to  a  more  practical 
degree  through  a  more  favorable 
voltage  division  between  the  series 
resistors  Ri  and  Ri  and  the  tuned 
circuits. 

The  grid  drive  must  be  just  ade¬ 
quate  to  produce  a  vector  sum  in 
the  plate  circuit  CtL,  sufficient  to 
drive  the  following  tube.  More  than 
this  amount  of  drive  makes  grid 
modulation  less  effective  in  the  lim¬ 
ited  grid  range  for  a-f.  Values  of 
56,000  ohms  for  i?i  and  R^  were 
found  satisfactory.  Capacitors  Ct 
and  Cg  are  large  enough  (27  /i/if) 
so  that  the  modulator  tubes  can  be 
replaced  without  readjustment  of 
Li  and  La  and  to  provide  ready  com¬ 
pensation  for  distributed  capaci¬ 
tances.  Bias  and  bypass  compon¬ 
ents  are  conventional. 

Because  the  driving  power  was 
more  than  enough  for  the  purpose, 
it  was  found  more  practical  to  use 
grid  or  plate  suppression  of  self¬ 
oscillation  than  any  form  of  neu¬ 
tralization.  Grid  suppressors  R:,  and 
R»  are  shown  in  Fig.  4  and  are  ade¬ 
quate  for  the  purpose.  Inductors  L» 
and  L,  can  be  adjusted  with  an  os¬ 
cilloscope  and  set  for  the  life  of  the 
equipment.  They  are  set  at  the  r-f 
grids  of  the  phase  modulators  for 
the  most  perfect  circle  obtainable 
(showing  90  degrees  phase  differ¬ 
ence  between  the  r-f  components 
fed  to  the  grids).  Phase  modula¬ 
tion  can  be  observed  and  the  actual 
angle  of  modulation  measured  by 
attaching  the  vertical  and  horizon¬ 
tal  free  oscilloscope  plates  to  C. 
and  C„  and  adjusting  L,  for  a 
straight  diagonal  line  in  the  ab¬ 
sence  of  modulation.  Modulation 
will  open  the  line  into  a  family  of 
ellipses  the  limits  of  which  will  be 
an  index  of  the  angle  of  phase  mod¬ 
ulation.  Ninety  degrees  phase 
modulation  will  be  indicated  when 
the  major  axes  of  these  ellipses  are 
four  times  the  lengths  of  their 
minor  axes  and  their  major  axes 


are  45  degrees  from  each  other  in 
their  limiting  positions. 

Linearity  Calculations 

The  oscillator  frequency  was  ar¬ 
ranged  to  be  multiplied  36  times  to 
the  vhf  output  of  152  to  162  me  to 
take  advantage  of  the  phase  modu¬ 
lator  and  have  a  deviation  of  ap¬ 
proximately  30-kc  total  at  the  car¬ 
rier  output.  For  overall  modulation 
angles  in  the  neighborhood  of  a 
radian,  the  overall  distortion  was 


A 

/  ^ 


FIG.  5 — Vector  analysis  of  modulator 
linearity 


found  to  be  about  9.5  percent  so 
the  following  calculations  were 
made  to  determine  the  distortion 
inherent  in  the  phase  modulator 
for  90  degrees  total  phase  shift  (ap¬ 
proximately  1.5  radians). 

Figure  5  shows  vector  grid  com¬ 
ponents  A  and  B  90  degrees  dis¬ 
placed,  and  a  sum  vector  C.  Linear 
amplitude  modulation  of  A  and  B 
will  subtract  an  increment  AA  from 
the  A  vector  and  add  an  equal  in¬ 
crement  \B  to  the  B  vector  at  any 
arbitrary  point  in  the  a-f  cycle 
simply  by  definition  of  linear  modu¬ 
lation.  These  increments  will  pro¬ 
duce  a  phase  shift  \(f>  of  the  sum 
vector.  Line  EF  is  the  locus  of  all 
positions  of  the  sum  vector  C  limit, 
and  by  geometry,  any  increment 
such  as  AA  will  intersect  propor¬ 
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FIG.  6 — Cunrs  showi  degree  of  nonlin¬ 
earity  in  modulator  circuit 


tional  increments  along  EF.  The 
angle  A</>  however,  will  vary 
throughout  the  distance  EF.  From 
Figure  5,  it  may  be  seen  that 


^  =  cos  <<> 
and  ^  ^ 

or  A  =  C'  cos  (0  -f  45°) 
Substituting  Eq.  5  in  Eq.  6 

C  cos  (<<>  -|-  45°) 


Equation  7  gives  us  a  true  expres¬ 
sion  of  A  in  terms  of  4>  and  con¬ 
stants.  Plotting  A  in  relative  units 
against  <f>  (C=l)  between  zero  and 
45  degrees  for  <f>,  we  obtain  the 
curve  shown  in  Fig.  6.  This  curve 
shows  that  within  90  degrees  total 
phase  shift  the  proportionality  be¬ 
tween  A  and  <f>  is  fairly  good.  The 
distortion  resulting  from  this  much 
curvature  is  directly  related  to  the 
area  between  the  curve  and  the 
straight  line  as  compared  to  the 
total  area  under  the  curve.  This 
was  roughly  estimated  at  9  percent 
which  checks  well  with  actual  meas¬ 
urement.  At  the  low-level  point 
where  phase  modulation  is  accom¬ 
plished  other  sources  of  distortion 
are  very  low,  less  than  one  percent 
by  measurement. 

It  is  interesting  to  note  that  if 
modulation  makes  A  or  B  of  Fig.  5 
more  than  double,  the  phase  change 
abruptly  stops.  An  analysis  was 
made  on  this  same  basis  of  the  dis¬ 
tortion  conditions  for  a  total  phase 
shift  of  120  degrees  and  the  distor¬ 
tion  was  estimated  at  about  43  per¬ 
cent  which  is,  of  course,  prohibitive 
for  intelligibility  using  ordinary 
communication  techniques. 
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Electronics  in  the 

CATERPILLAR 
TRACTOR  PLANT 


In  common  with  other  progres¬ 
sive  but  practical  industries,  this 
company  has  little  interest  in  elec¬ 
tronic  devices  as  such,  but  uses  elec¬ 
tronics  whenever  the  technique  does 
a  job  better  or  cheaper  than  other 
methods. 

In  the  factory,  many  packaged 
units  of  conventional  manufacture 
are  permanently  installed  as  a  reg¬ 
ular  part  of  the  production  line  ma¬ 
chinery.  In  addition,  a  number  of 
other  devices,  manufactured  by  the 
maintenance  department  from  parts 
at  hand  are  in  regular  daily  use. 

The  research  department,  al¬ 
though  using  a  large  number  of 
packaged  electronic  units,  is,  by  the 


FIG.  1 — Portion  of  temperature  graph  from 
a  heat-control  unit.  For  this  particular 
application,  a  variation  of  4  degrees  each 
side  of  1060  is  tolerated  when  the  oven 
has  come  up  to  temperature 


Personnel  safety,  reduced  maintenance  costs,  improved  quality  and  increased  production 
tempo  are  a  few  of  the  advantages  for  a  manufacturer  using  electronic  methods 

intelligently 


The  Caterpillar  Tractor  Com¬ 
pany  manufactures  Diesel 
tractors,  motor  graders,  bulldozers, 
scrapers  and  other  earth-moving 
equipment  as  well  as  Diesel  engines 
for  industrial,  marine  and  electric 
power  use. 

The  main  plant,  in  East  Peoria, 
Illinois,  employs  20,000  men  and 
women  who  are  engaged  in  every 
phase  of  a  manufacturing  process 
that  turns  raw  metals  into  thunder¬ 
ing  prime  movers.  About  550  peo¬ 
ple  work  in  the  research  depart¬ 
ment,  475  of  them  on  the  grounds 
occupied  by  the  manufacturing 
plant  but  apart  from  it  physically 
and  in  purpose.  While  a  certain 
amount  of  life  testing  is  carried  on, 
the  principal  emphasis  is  placed  on 
the  purely  research  aspects  of  de¬ 
veloping  better  Diesel  engines 
and  associated  equipment, — gears, 
crankshafts,  and  bearings  that  are 
necessary  to  improve  the  product. 

Electronic  Methods 


nature  of  its  work,  likely  to  rig  up 
temporary  combinations  of  equip¬ 
ment,  some  purchased,  some  fabri¬ 
cated  in  the  laboratory,  in  such  a 
manner  as  will  serve  a  given  short¬ 
term  experiment  to  best  advantage. 
To  this  end,  a  regular  cataloged 
stock  is  maintained  consisting  of 
resistors,  capacitors  and  meters, 
and  over  75  different  tube  types. 

Although  many  of  the  research 
engineers  and  physicists  encounter 
no  difficulty  in  developing  and  us¬ 
ing  electronic  testing  techniques,  it 
has  been  thought  advisable  to  add 
to  the  staff  a  full-time  electronics 
engineer  who  is  available  for  con¬ 
sultation  with  other  members  and 
designs  new  testing  equipment  for 
more  exacting  research. 

Temperature  Controls 

For  temperature  recording  and 
control  of '  heat-treating  processes 
there  is  no  substitute  for  electronic 
means  that  will  maintain  temper- 


ELECTRONIC  DEVICES 

Coil-Winding  Speed  and  Direction  Con¬ 
trol 

Crankshaft  Finish  Grinder  Control 
Induction  Heater  (braxing) 

Magnetic  Chuck  (rotary  table  grinder) 
Annealing  Oven  Feed  and  Discharge 
Control 

Flame-Failure.  Protection  Devices 
Multiple  Tebiperature  Recorders 
Fuel  Proportioning  Control 
Intercommunicators 
Diathermy  (infirmary) 

Automatic  Welder  Controls  (track  rol¬ 
lers) 

Seam  Welder  Controls  (fuel  tanks) 
Nonoxidizing  Welder  Controls  (seams) 
Crankshaft  Balancer 
Mass  Spectrograph 
Spectrum  Analyzer 
Microphotographic  Controls 
Power-Factor  Corrector 
Air-Cleaner 

Safety  Device  for  Spectrometer 
Cathode-Ray  Oscilloscopes 
Oscilloscope  Preamplifiers 
Cathode-Ray  Tachometer 
Oscilloscope-Trace  Time. Marker 
D-C  Amplifier 

Continuous-Graph  Ink  Recorder 

Torsion  Tester  for  Crankshafts 

Synchronous  Sweep  Generator 

Photoelectric  Timing  Mark  Generator 

High-speed  Cameras 

Stroboscopes 

Strain  Indicators 

String  Oscillograph 

Oscillator 

Frequency  Meter 

Sound  Analyzer 

Vibration  Analyzer 

Sound  Level  Meter 

Safety  Device  for  Hydraulic  Press 

Sequence  Timer  for  Machine  Operation 

Moisture  Meter  (lumber) 

Surface-Roughness  Tester 

Comparator  Gage 

Insulation  Tester 

Tube  Tester 

Voltage  Regulator 
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Airplane  rlew  of  the  East  Peoria  plant  of  the  Caterpillar  Tractor  Company.  The  business  section  of  Peoria  is  seen  across 


the  niinois  Rieer 


ature  within  the  required  narrow 
limits. 

A  large  number  of  drawing  fur¬ 
naces  in  the  plant  require  different 
types  and  degree  of  control  together 
with  a  continuous  graph  of  temper¬ 
ature.  Packaged  units  manufac¬ 
tured  by  two  different  companies 
are  used,  although  some  of  these 
have  been  modified  in  the  plant.  All 
these  equipments  operate  on  varia- 
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tions  of  the  bridge  principle 
wherein  unbalance  is  indicated  by  a 
pen  or  stylus  making  a  lateral 
movement  of  its  trace  on  a  verti¬ 
cally  moving  continuous  strip  of 
graph  paper  such  as  that  shown, in 
Fig.  1.  This  same  deviation  from  a 
balance  point,  corresponding  to  a 
desired  temperature,  can  be  trans¬ 
lated  into  countermotion  of  a  fuel 
valve  to  maintain  the  temperature 
within  either  a  few*  degrees  or  even 
within  a  fraction  of  a  degree. 
Earlier  models  of  commercial  equip¬ 
ment  have  been  modified  so  that  a 
single  recording  and  control  mech¬ 
anism  can  be  switched  from  one 
oven  to  another.  Each  trace  is  then 
made  up  of  a  series  of  dots  and 
dashes  with  a  means  of  identify¬ 
ing  the  different  traces.  Later  com¬ 
mercial  equipment  for  multiple  con¬ 
trol  prints  the  trace  number  in 
small  but  legible  characters  beside 
each  ‘point.  Motorized  positioning 

FIG.  2 — Continuous  temperature  control 
associated  with  graphical  recorder  is 
shown  at  top.  Lower  section  of  draw- 
iumace  panel  carries  electronic  flame  con¬ 
trol  safety  equipment 


controls  connected  to  the  recorder 
through  a  selector  switch  adjust  the 
flow  of  gas. 

Rome  Failure  Protection 

Another  important  consideration 
in  heating  equipment  using  gas  is 
the  danger  of  flame  failure.  If  it 
were  extinguished  even  momentar¬ 
ily  and  the  flow  of  heating  gas  con¬ 
tinued,  an  explosion  might  occur 
that  would  injure  personnel  and 
damage  equipment. 

Such  an  untoward  event  is  effec¬ 
tively  guarded  against  by  a  combi¬ 
nation  of  controls.  A  pilot  flame  in 
the  oven  is  kept  burning  at  all 
times  so  that  no  appreciable  amount 
of  unburned  gas  can  accumulate.  In 
addition,  conductivity  through  the 
pilot  flame  maintains  a  negative 
bias  on  the  grid  of  an  electronic 
control  tube,  connected  to  an  emer¬ 
gency  gas  shutoff  valve.  If  the  pilot 
flame  fails  for  an  instant,  the  bias 
is  removed  from  the  tube,  current 
flows  through  a  relay  in  the  plate 
circuit,  and  gas  flow  stops.  It  can 
not  be  restored  until  the  heating 

IDS 


FIG.  3 — Discharga  end  oi  keat-trecrting  OTen  with  material  emerging.  Photoelectric  FIG.  4 — Phtotube  electronic  control  equip- 

dericea  open  oTen  doora  and  apeed  roUera  aa  charge  neara  end  oi  ioumey.  At  the  ment  uaed  in  opening  and  cloaing  doors 

aome  time,  doora  at  the  other  end  open  to  receire  a  new  chorge  oi  heat-treating  oeen 
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apparatus  is  recycled  by  relighting 
the  pilot  and  biasing  the  dame  con¬ 
trol  tube.  Packaged  units  are 
shown  in  Fig.  2. 


Contiaaous  Drawiag  Ovan 

By  extension  of  the  electronic 
techniques  for  control  and  safety,  it 
has  been  found  practicable  to  build 
a  drawing  oven  for  heat  treating 
that  requires  only  the  racking  up  of 
material  at  one  end  as  it  comes 
from  one  manufacturing  process 
and  lifting  it  off  at  the  other  with  a 
compressed  air  hoist,  as  shown  in 
Fig.  3,  as  it  emerges.  All  interme¬ 
diate  steps  are  cared  for  by  elec¬ 


is  discharged  quickly  onto  an  un- 
driven-roller  platform.  As  the  new 
charge  passes  the  opening  at  the 
incoming  end,  a  light  beam  at  that 
end  is  broken,  the  gas  flame  is  re¬ 
duced  to  a  minimum  and  the  guil¬ 
lotine  door  closes.  Since  the  action 
is  automatic,  the  process  requires 
only  relatively  skilled  operators  at 
each  end  to  charge  and  discharge 
the  oven. 


Welding  Controls 

A  number  of  production  welding 
operations  in  the  plant  require  spe¬ 
cialized  equipment.  Among  these 


are  a  commercial  seam  welder  for 
fabricating  fuel  tanks.  Two  tanks 
at  a  time  are  handled  by  this  ma¬ 
chine  in  which  the  previously 
formed  sides  are  butted  together 
and  clamped  in  proper  position  on 
the  welder.  The  operator  throws  a 
switch  and  fluxed  welding  rod  is 
unreeled  at  a  proper  speed,  arc  cur¬ 
rent  is  maintained  at  the  proper 
value  and  the  welding  rod  carriage 
moves  along  at  a  speed  that  is  also 
determined  electronically. 

Another  type  of  straight-line 
welder,  shown  in  Fig.  5,  is  less 
formidable  in  size  and  works  in 
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tronic  controls. 

The  oven  is  100  feet  long  and  is 
kept  at  a  temperature  such  that  the 
material  moving  through  at  a  spe¬ 
cified  rate  receives  the  proper  treat¬ 
ment.  Transit  is  accomplished  by 
mounting  the  material  on  rails  or 
bars  that  move  easily  across  revolv¬ 
ing  rollers.  As  the  rails  reach  the 
far  end  of  the  oven  they  interrupt 
a  beam  of  light  that  is  sent  from  a 
lamp  at  one  side  of  the  oven  through 
a  window  to  a  phototube  at  the  op¬ 
posite  side  as  illustrated  in  Fig.  4. 
Relays  and  contactors  then  set  into 
motion  the  machinery  for  raising 
the  guillotine  doors  at  both  the 
charge  and  discharge  ends  of  the 
oven.  At  the  same  time,  the  aper¬ 
tures  are  screened  by  a  gas  reduc¬ 
ing  flame  that  prevents  an  undue 
amount  of  oxygen  from  entering, 
and  the  last  few  rollers  at  both  ends 
are  speeded  up  so  that  the  material 


FIG.  5 — Seom  weldar  controls  ore  mounted  on  carriage  and  connected  by  cable  with 
electronic  equipment  in  box  OTer  operator's  head 
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such  a  way  that  it  minimizes  oxi¬ 
dation.  A  small  unit  moves  along 
a  track  with  the  power  and  elec¬ 
tronic  controls  connected  to  it  by 
cable.  Meters  and  control  switches 
are  mounted  on  the  carriage.  A 
hopper  filled  with  flux  and  a  blank¬ 
eting  material  resembling  sand 
maintains  a  flow  to  cover  the  arc 
at  all  times.  The  proper  propor¬ 
tioning  of  current,  speed  of  move¬ 
ment  and  welding-rod  feed  is  elec¬ 
tronically  maintained. 

Still  another  type  of  welder  is 
used  for  joining  the  hubs  of  two 
flanges  together  to  form  the  rollers 
used  in  carrying  the  tracks  of  diesel 
tractors.  A  three-position  revolv¬ 
ing  jig  is  arranged  so  that  while 
one  roller  is  being  welded  another 
is  in  position  for  heating  by  a  gas 
flame  and  the  third  position  of  the 
jig  is  available  for  a  new  pair  of 
flanges  to  be  affixed.  Each  position 
rotates  continuously.  In  the  weld¬ 
ing  position,  electronic  controls  ap¬ 
portion  the  proper  current  while 
fluxed  rod  is  fed  down  from  a  large 
reel  overhead  that  contains  an 
8-hour  supply. 

Safety  Devices 

Electronic  controls  are  used  as 
safety  devices  to  prevent  the  opera¬ 
tion  of  equipment  during  periods 
when  material  is  being  introduced 
or  when  preliminary  adjustments 
are  made.  Two  examples  of  this 
technique  are  given  below. 


A  hydraulic  press  illustrated  in 
Fig.  6  is  controlled  by  two  switches 
so  that  the  operator  must  theoreti¬ 
cally  operate  a  switch  with  each 
hand  in  order  to  start  the  machine. 
However,  since  it  is  not  impossible 
to  operate  the  switches  by  means 
of  a  hand  and  an  elbow,  a  photo¬ 
electric  device  has  been  added  to 
give  a  maximum  of  protection.  It 
consists  of  a  light  beam  that  must 
be  unbroken  before  power  can  be 
turned  on.  In  the  photograph,  the 
light  beam  entering  the  invisible 
maze  from  the  left  is  reflected  four 
times,  making  a  total  of  five  paths 
that  must  remain  unbroken  before 
the  punch  can  be  operated  and 
which  will  instantly  stop  the  punch 
if  broken.  The  four  mirrors  shown 
have  since  been  replaced  by  two 
mirror  strips,  one  on  -each  side  of 
the  operating  position,  so  that  an 
extremely  intricate  maze  is  devel¬ 
oped  by  multiple  reflections  be¬ 
tween  the  mirrors. 

Another  unique  instance  of  per¬ 
sonnel  protection  is  a  metal-mesh 
screen  placed  above  the  sparking 
section  of  a  mass  spectrograph 
used  in  the  analysis  of  metals.  Be¬ 
cause  of  the  high  potentials  in¬ 
volved  in  producing  the  spark  it  is 
extremely  desirable  to  afford  the 
operator  a  measure  of  protection. 
A  black  box  contains  electron-tube 
circuits  such  that  a  change  of  ca¬ 
pacitance  in  the  grid  circuit  of  the 
first  tube  initiates  an  impulse  that 


FIG.  7 — Complete  control  e<iiupment  ior 
crankehait  grinder.  Vacuum-tube  section 
occupies  left-hand  bay 


is  amplified  in  following  tubes  to 
cut  off  high  voltage  from  the  semi- 
exposed  terminals.  The  mesh  screen 
serves  as  one  plate  of  a  capacitor, 
the  spectrograph  serves  as  the 
other,  and  the  operator’s  body  acts 
as  a  change  in  the  dielectric,  throw¬ 
ing  the  capacitance  to  another 
value.  So  long  as  he  is  near  the 
equipment  the  operator  can  not 
turn  it  on. 


Crankshaft  Finishing 

An  otherwise  difficult  operation 
of  finishing  crankshafts  and  balanc¬ 
ing  them  has  been  eased  by  elec¬ 
tronic  circuits.  The  finish  grinding 
is  done  on  a  commercial  machine  in 
which  the  grinding  wheel  is  driven 
by  an  a-c  motor  but  the  crankshaft 
itself  is  revolved  at  the  required 
speed  by  an  electronically  controlled 
d-c  motor.  The  control  equipment 
pictured  in  Fig.  7  uses  14  tubes 
about  equally  divided  between  the 
so-called  industrial  and  communica¬ 
tions  types. 

After  the  grinding  process,  each 
crankshaft  is  balanced  in  a  ma¬ 
chine  designed  to  indicate  by  means 
of  simple  dial  readings  the  crank¬ 
shaft  angle  at  which  unbalance  oc¬ 
curs  and  the  amount  of  unbalance 
at  this  point.  The  equipment  is  op¬ 
erated  from  a-c  but  the  shaft  is 
rotated  by  means  of  a  d-c  motor. 
Four  industrial  type  tubes  are  used 
to  operate  the  motor  directly,  but 
eight  communications  types  handle 
the  off-balance  indication.  By  means 
of  this  versatile  and  accurate  ma- 


FIG.  6 — Hydraulic  press  protective  device.  The  equipment  stops  if  the  light  beam 
reflected  back  and  forth  by  four  mirrors  between  source  and  phototube  is  broken 
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FIG.  8 — Cathod*-iOT  tochom*tor.  Pickup 
and  cam  mountad  on  shaft  of  dynomomotor 
at  lowor  loft  Tho  Tiowing  tube  at  the 
upper  right  con  be  swiToIed  into  almost 
ony  position 


ible.  The  2-inch  cathode-ray  indi¬ 
cator  tube  is  mounted  in  a  ball-and- 
socket  joint  so  that  it  can  be  swiv¬ 
eled  into  any  position  convenient 
for  observation  by  either  the  oper¬ 
ator  at  the  test  bench  or  an  assis¬ 
tant  working  on  the  other  side  of 
the  engine.  The  pickup  illustrated 
in  Fig.  9  is  mounted  near  the  dyna¬ 
mometer  bearing  housing  close  to  a 
9-gided  cam  attached  to  the  shaft. 
Two  pole  pieces  at  right  angles  to 
each  other,  one  near  the  periphery 
of  the  cam  and  the  other  near  the 
side  form  a  closed  magnetic  circuit, 
the  flux  density  of  which  is  affected 
by  rotation  of  the  cam.  Output 
from  the  pickup  is  fed  through  a 
2-wire  shielded  microphone  cable 
to  the  amplifier. 

Placement  of  the  pickup  is  not 
critical.  The  overall  gain  of  the 
system  is  adequate  to  permit  speed 
measurements  on  tiny  motors  using 
the  slight  nonuniformity  of  the 


servation  in  order  to  integrate 
slight  speed  variations. 

The  cathode-ray  tachometer  to  be 
described  is  limited  in  the  number 
of  definite  speeds  it  can  accurately 
indicate,  but  gains  in  simplicity 
and  suffices  for  all  practical  pur¬ 
poses.  A  small  metal  cabinet  shown 
in  Fig.  8  and  containing  only  in¬ 
tensity  and  focus  controls  is  bolted 
to  the  standard  dynamometer  test 
FIG.  9 — Datoil  of  Uie  cothodo-roy  tachom-  bench,  out  of  the  way  but  access- 
•tor  pickup  oud  its  relation  to  the  cam. 

The  coil  is  wound  with  seyeral  thousand 

turns  of  fine  wire  j  - - - - - 


-ALNICO 


9-SIOEO 

CAM 


2-WIRE  SHIELDED  CABLE' 


chine,  a  skilled  machinist  *is  able 
quickly  to  check  a  crankshaft,  re¬ 
move  it  to  a  drill  press  nearby,  drill 
out  a  small  amount  of  metal  from 
the  appropriate  point  to  obtain  bal¬ 
ance,  return  the  crankshaft  to  the 
balancing  machine  and  recheck  it 
under  the  changed  conditions. 
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Cafhode-Roy  Tachometer 

A  typical  laboratory  device  is 
the  cathode-ray  tachometer  used  in 
maintaining  constant  engine  speed 
under  test  conditions.  It  is  fre¬ 
quently  desirable  to  obtain  data  on 
the  performance  of  new  engine 
parts  or  techniques  which,  if  con¬ 
tinued  many  minutes  would  result 
in  the  destruction  of  equipment. 
Ordinary  mechanical  tachometric 
devices  often  lack  the  necessary 
long-term  accuracy  and  in  any  case 
require  an  appreciable  time  of  ob- 
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FIG.  10 — Schematic  circuit  diagram  of  the  cathode-ray  tachometer 
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shaft,  owing  to  flattening  or  a  key-  of  the  notched  trace.  While  it  is 

way,  as  the  variable  element  in  the  seldom  necessary  to  run  at  inter- 

.  magnetic  circuit.  mediate  speeds,  the  ordinary  ta- 

Making  use  of  the  fact  that  the  chometric  equipment  can  then  be 
eO-cps  power  line  frequency  is  con-  used  with  200-rpm  points  cali- 
trolled  to  very  close  limits,  the  elec-  brated  against  the  electronic  ta- 
tronic  circuits  of  Fig.  10  provide  chometer. 

a  circular  pattern  on  the  oscillo-  In  one  test,  the  position  of  a 
i  scope  resulting  from  the  phase-  fuel-pump  plunger  is  accurately 
splitting  circuit  C„  R»  across  the  measured  by  a  micrometer.  The 
.  secondary  of  step-up  transformer  test  operator  checks  the  position  by 
Ti.  The  approximate  sine  wave  gen-  screwing  the  micrometer  in  until 
crated  in  the  pickup  is  simultan-  fuel  begins  to  be  reduced.  This 
eously  coupled  through  transform-  slowing  down  because  of  reducing 
ers  r*,  T,  and  T,  into  Vi,  V,  and  V.  fuel  is  immediately  apparent  using 
in  such  a  way  that  at  the  same  in-  the  cathode-ray  tachometer  and  the 
stant  Via  apd  V,  are  conducting,  operator  can  quickly  back  off  the 
whereas  on  the  next  half  cycle^  Fib  micrometer  without  sensibly  affect- 
and  Vt  conduct,  ing  the  test.  ^ 

Since  conduction  through  the 

tubes  results  in  a  decrease  in  volt-  D«ai.Gi.ii  Oieiiloseope 

age  fed  to  the  deflection  plates  of  Electronic  techniques  are  man- 
the  cathode-ray  tube  and  since  the  datory  for  economical  and  accurate 
action  occurs  in  a  way  to  reduce  the  recording  of  data  involving  simul- 
voltage  on  opposite  plates  at  the  taneous  observation  of  several 
same  instant,  the  static  circular  phenomena.  The  dual  gun  oscil- 
pattern  is  modulated  into  a  form  loscope  and  associated  amplifiers  il- 
containing  one  or  more  petals,  or  lustrated  are  used  in  a  fuel  testing 
bumps.  The  shape  of  the  bump  is  setup  in  which  photographic  re- 
not  critical  and  depends  to  a  great  cordings  are  made  of  pressure,  fuef 
extent  upon  the  form  of  the  cam  injection  needle  motion,  flame  in- 
inducing  the  pickup  voltage.  Since  tensity,  and  the  pressure  of  nitro- 
the  line  voltage  corresponds  to  gen  fed  into  the  precombustion 
3,600  rpm  and  the  cam  has  9  faces,  chamber  of  a  Diesel  engine.  The 
each  bump  on  the  circular  trace  interconnections  are  shown  in 
indicates  a  speed  of  400  rpm,  or  Fig.  11. 

with  a  2-line  pattern  each  bump  A  visual  indication  is  given  show- 
represents  200  rpm.  ing  the  position  of  the  flywheel  at 

Highest  speed  that  can  be  easily  the  same  instant  that  a  mark  is 
read  on  the  present  equipment  is  placed  on  the  photographic  record. 
2,400  rpm  (12  bumps),  adequate  The  significant  portion  of  the  r«c- 
for  relatively  slow-speed  Diesel  en-  ord  is  initiated  by  means  of  a 
gines.  Speeds  intermediate  between  crankshaft  commutator  that  flashes 
the  200-rpm  increments  are  indi-  a  light  to  indicate  the  position  of 
cated  qualitatively  by  a  revolution  the  engine  shaft.  This  flash  is 


FIG.  11 — Block  diagram  thowiag  electronic  equipment  eetup  for  engine  test.  Fuel- 
▼alee  position  is  coneerted  to  a  Tariedrle  Toltage  as  is  diaphragm  pressure.  Fuel 
ilame  is  Tiewed  by  a  phototube.  A  high-speed  camera  photographs  the  traces  on 
the  duol-gun  oscilloscope 


FIG.  12  —  Dual-gun  cathode-ray  oscillo¬ 
scope.  with  two  ampliiiers  and  marker 
mixer  on  lower  ^eli 


FIG.  13 — Pressure  rurre  from  diesel  engine 
precombustion  chamber  is  shown  on  upper 
trace,  with  fuel  injection  needle  motion 
shown  below.  A  single  shaft-angle  mark 
appears  on  both  traces 

picked  up  by  a  phototube  and  fed 
into  an  input  of  ^  four-channel 
mixer.  The  mixer  and  its  power 
supply  are  shown  between  the  am¬ 
plifiers  on  the  lower  deck  of  the 
equipment  dolly  in  Fig.  12.  Pres¬ 
sures  and  fuel  valve  needle  position 
are  continuously  photographed. 
Other  varying  functions  like  flame 
intensity  are  observed  by  a  second 
phototube.  Signals  are  fed  through 
appropriate  amplifiers  into  the 
modified  oscilloscopes  and  then  into 
the  double-gun  tube.  A  representa¬ 
tive  record  showing  only  two  ele¬ 
ments  and  a  single  shaft-angle 
mark  is  illustrated  in  Fig.  13. 
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Continuously  variable  from  300  to  5,000  volts,  the  voltage- 
regulated  power  supply  described  utilizes  an  electronically 
controlled  servo  motor  to  automatically  adjust  an  auto¬ 
transformer.  The  d-c  output  of  the  device  has  less  than 
“three  millivolts  ripple  at  all  voltages 


Then  the  contacts  of  both  relays  are 
open  and  the  motor  is  not  operating. 
As  the  regulator-tube  voltage  be¬ 
comes  lower,  the  V,  bias  becomes  less 
negative,  and  this  tube  conducts, 
energizing  the  RAISE  relay.  The 
bias  of  V,  is  also  decreased,  but  since 
Vi  was  already  conducting,  the 
change  has  no  affect  on  the  LOWER 
relay.  Thus,  the  motor  operates  to 
restore  the  regulator-tube  voltage, 
until  the  restored  voltage  cuts  off  V”,. 

When  the  regulator-tube  voltage 
becomes  too  high,  the  increased  Vi 
bias  cuts  off  tube  V,.  This  de-ener¬ 
gizes  the  LOWER  relay,  thereby  clos¬ 
ing  its  contacts  to  operate  the  motor 
to  lower  the  voltage  to  normal. 

The  normal  voltage  bandwidth  can 
be  adjusted  by  Ri.  Its  centerpoint  is 
set  by  Rf.  This  servo  control  is  neces¬ 
sarily  a  discontinuous  type*  because 
a  primary  voltage  correction  should 
be  made  only  when  the  regulator  tube 
is  getting  too  near  the  limit  of  its 
ability.  Narrower  bandwidth  is  not 
desirable. 

Before  power  is  applied  to*  the 
transformer,  or  before  the  6SN7GT 
is  warm,  the  relays  are  in  a  position 
i  to  lower  the  autotransformer.  The 
failure  of  either  the  6SN7GT  or  the 
5Y3GT  tube  would  result  in  a  low¬ 
ering  of  the  transformer  primary  to 
zero.  Thus  this  control  circuit  is  in¬ 
herently  safe.  This  servo-trans¬ 
former  arrangement  can  be  made  to 
work  with  existing  regulator  circuits 
as  well  as  with  the  one  described. 

R«efifi*r  and  Filtar 

I  The  rectifier  of  Fig.  1  is  a  con¬ 
ventional  six-phase  single-Y  circuit 


with  delta  primary.  The  primary  is 
rated  at  208  volts,  60  cycles.  The  fil¬ 
ter  requires  some  special  considera¬ 
tion  because  neither  the  positive  nor 
the  negative  lead  is  grounded.  In¬ 
stead,  the  positive  output  after  the 
regulator  must  be  grounded  in  most 
microwave  work.  Since  the  positive 
output  is  not  common  with  any  lead 
in  the  filter,  the  latter  must  float  witli 
respect  to  the  ground.  This  would 
interfere  with  the  filtering  action  and 
produce  spikes  too  large  to  be  cor¬ 
rected  by  ordinary  regulator  tubes. 
Figure  3  show’s  how  the  filter  is  by¬ 
passed  in  a  way  to  eliminate  the 
spikes  caused  by  the  distributed 
capacitances  in  the  transformer. 
High  alternating  voltages  are  by¬ 
passed  to  ground  through  each  0.1 
fif  capacitor.  • 

Regulator  Circait 

The  circuit  of  Fig.  4  shows  an  in¬ 
verse-feedback  regulator  with  some 
fundamental  changes.  To  eliminate 
the  long  string  of  voltage-regulator 
tubes  employed  in  older  regulators, 
an  independent  regulated  auxiliary 
voltage  source  is  used.  This  serves 
two  purposes;  first,  it  supplies  the 
reference  voltage  and  it  is  extremely 
stable  and  constant;  second,  it  is  a 
constant  plate  supply  for  the  regu¬ 
lator’s  direct-coupled  amplifier. 

.The  reference  voltage  is  compared 
in  the  right-hand  section  of  the 
6SL7GT  to  that  appearing  across  Ri. 
The  difference  is  the  signal  which, 
when  greatly  amplified,  drives  the 
6B4G  regulator  tubes.  The  auxiliary 
voltage  source  is  constant  for  all 
output  voltages. 


Thu  power  supply  in  its  cabinet.  The  mas¬ 
ter  control  provides  both  coarse  and  fine 
adjustment  by  taking  adTontage  of  the 
slack  in  the  gear  train 

When  the  regulator  is  operating  at 
high  voltages,  =  12  x  Ri  and  the 
magnitude  of  the  d-c  signal  is  re¬ 
duced  by  the  factor  RjRi  -f  Rs  or 
1/13.  At  lower  output  voltages,  this 
factor  approaches  unity.  Actually, 
however,  the  gain  of  the  amplifier 
(estimated  to  be  greater  than  15,- 
000)  is  so  large  that  this  voltage  di¬ 
vision  becomes  negligible.  Further¬ 
more,  the  capacitor  C,  increases  the 
factor  to  nearly  unity  for  rapid 
changes  in  the  divider  by  effectively 
shunting  R^. 

Because  of  the  high  gain,  the  regu¬ 
lator  has  a  strong  tendency  to  oscil¬ 
late,  but  the  addition  of  capacitor  C, 
across  the  output  prevents  the  over¬ 
compensation  caused  by  the  high 
gain.  The  stabilization  ratio  is  de¬ 
fined  as  dE,/dE,  where  F,  is  the  volt¬ 
age  applied  to  the  regulator  and  E, 
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ient  and  simple,  with  a  minimum  regulator  tube,  and  a  fine  control 
number  of  controls.  setting. 

(4)  The  supply  should  be  fully 

protected  for  the  safety  of  the  oper-  . 

ator  and  of  the  tube  under  test.  This  paper  describes  a  voltage  reg- 

(5)  To  be  useful  for  medium  and  ulator  system  of  four  main  parts, 

high-power  tubes,  voltage  and  cur-  nieeting  all  five  requirements  of  a 
rent  range  should  be  wide.  high-voltage  supply  for  laboratory 

use.  The  output  is  smoothly  and 
continuously  variable  from  300  to 
The  common  inverse-feedback  reg-  5,000  volts  or  higher,  using  one  knob, 
ulator  circuit  can  be  designed  to  give  While  designed  for  laboratory  use 
the  required  regulation  at  low  volt-  on  microwave  oscillators  and  ampli- 
ages.  However,  at  higher  voltages  fiers,  the  characteristics  of  this  regu- 
more  glow-discharge,  voltage-regu-  lated  supply  are  such  that  it  should 
lator  tubes  for  the  reference  voltage  prove  useful  for  many  other  applica- 
are  necessary.  For  an  output  of  tions  requiring  high  voltages  with 
5,000  volts,  approximately  31  type  good  flexibility  and  regulation,  pro- 
OD3/VR150  tubes  would  be  needed,  vided  the  positive  output  can  be 
Furthermore,  most  voltage-regulator  grounded, 
tubes  have  small  spasmodic  varia-  -  x  .  t* 

tions  in  the  order  of  0.1  to  0.5  volt. 

Because  even  the  finest  voltage-reg-  The  block  diagram  in  Fig.  1  shows 
ulator  tubes  have  some  spasmodic  the  four  essential  units.  The  servo- 
variations,  the  chance  of  a  voltage  transformer  unit  consists  of  a  three- 
shift  is  multiplied  by  the  number  of  phase  autotransformer  to  vary  the 
voltage-regulator  tubes  in  the  string,  primary  voltage  of  the  high-voltage 
and  any  changes  that  do  occur  will  transformer  (and  thus  the  d-c  input 
appear  in  the  output.  Such  disturb-  of  the  electronic  regulator),  a  revers- 
ances  can  be  observed  in  the  output  ible  servo  motor  geared  to  the  auto- 
of  all  high-voltage  regulators,  and  transformer,  and  a  control  circuit, 
can  usually  be  traced  to  the  VR  tubes.  The  operation  of  the  control  cir- 
Conventional  low-voltage  regulator  cuit  can  be  seen  by  reference  to  Fig. 
circuits  usually  include  some  kind  of  2.  The  regulator-tube  voltage  ap- 
compensation  for  input  voltage  vari-  pears  across  the  divider  R.,  Rs- 
ations  but  satisfactory  compensation  The  voltage  appearing  across  R,  is 
is  not  possible  when  the  number  of  compared  with  the  independent  plate 
VR  tubes  in  the  circuit  is  changed  supply  and  the  difference  is  the  bias 
frequently.  for  Vi,  the  left-hand  section  of  the 

Another  objection  to  a  power  sup-  double  triode.  Similarly,  the  differ- 
ply  using  many  VR  tubes  is  the  num-  ence  between  the  voltage  appearing 
ber  of  controls  necessary  for  its  oper-  across  R,  -f  J?,  and  the  plate  supply 
ation.  Three  adjustments  must  be  is  the  bias  for  V„  at  the  right.  The 
made  for  each  voltage  setting;  a  value  of  this  voltage  is  greater  than 
coarse  tap-switch  control,  a  trans-  that  applied  to  Vi. 
former  primary  voltage  adjustment  With  normal  regulator-tube  volt- 
to  put  the  correct  voltage  across  the  age,  V,  conducts  and  V,  does  not. 


Present  Circeits 


Chaeels  of  the  high-Toltage  power  supply. 
From  the  top  down:  meter  panel,  regulator 
and  control  panel,  sereo  transformer,  filter, 
and  rectUier 


Due  to  recent  trends  toward  high 
frequencies,  power  supply  re¬ 
quirements  have  become  more  strin¬ 
gent.  In  microwave  equipment,  op¬ 
erating  voltages  must  be  extremely 
stable  to  maintain  necessary  fre¬ 
quency  stability.  This  is  particularly 
true  in  the  case  of  laboratory  equip¬ 
ment. 

The  requirements  for  an  adequate 
voltage  supply  in  the  laboratory  op¬ 
eration  of  the  majority  of  microwave 
tubes  are; 

(1)  It  should  have  excellent  regu¬ 
lation  for  line  voltage  fluctuation, 
less  than  five  millivolts  of  ripple,  and 
efficient  control  for  load  current  fluc¬ 
tuation. 

(2)  The  output  voltage  should  be 
smoothly  variable  without  steps 
through  the  entire  voltage  range. 
(3)  Operation  should  be  conven- 
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’FIG.  4— InT«n*-i»*dback  type  of  regulator  with  auxiliary  Toltago  source  to  supply  the  reference  Toltage 


increase  to  an  excessive  value.  Regu¬ 
lator  tubes,  and  perhaps  other  val¬ 
uable  equipment,  would  be  damaged. 
Two  things  were  done  to  prevent 
such  an  occurrence. 

First,  the  circuit  shown  in  Fig.  2 
is  made  inherently  safe,  in  that  fail¬ 
ure  of  either  tube  to  conduct  will  re¬ 
sult  in  lowering  the  servo  trans¬ 
former  to  minimum,  where  it  will 
remain.  And  second,  included  in  the 
regulator  circuit  of  Fig.  4  is  a  triode- 
operated  relay  which  must  be  closed 
for  the  operation  of  the  main  high- 
voltage  relay. 

The  grid  of  the  6J6  triode  receives 
its  bias  from  the  difference  between 
the  voltage  across  Ri  and  the  auxil¬ 
iary  voltage  source  which  is  its  plate 
supply.  If  this  bias  gets  too  high, 
(and  it  will  if  the  servo  transformer 
goes  too  high)  the  triode  cuts  off, 
opening  its  relay.  The  relay  contacts 
are  in  series  with  the  main  high- 
voltage  relay  coil  and  thus  all  high 
voltage  is  removed.  The  main  high- 
voltage  relay  (not  shown)  is  so  con¬ 
nected  that  it  will  not  close  except 
when  the  servo  transformer  is  at 


minimum.  When  this  main  relay  is 
open,  the  motor  can  lower  the  servo 
transformer,  but  cannot  raise  it. 
Thus,  should  the  volta’ge  across  Ri 
become  excessive,  the  high  voltage 
is  shut  off  and  cannot  be  applied  ex¬ 
cept  under  safe  conditions. 

Ion  bursts  in  some  klystrons 
cause  a  sudden  and  severe  surge  in 
the  beam  current  which  may  dam¬ 
age  the  power  supply  and  its  current 
meter.  An  over-current  relay  with 
contacts  in  series  with  the  high- 
voltage  relay  coil,  and  a  choke  in 
series  with  the  current  meter,  pro¬ 
vide  excellent  protection  from  such 
overloading.  The  choke  will  delay 
meter  deflection  until  the  relay  opens 
the  main  high-voltage  relay.  Tests 
indicate  that  with  these  safeguards, 
the  power  supply  can  be  shorted  or 
subjected  to  a  sudden  open-cirduit 
without  damage,  that  failure  of  any 
tube  will  not  cause  damage  to  any 
other  part,  and  that  interruption  of 
the  power  line  will  safely  shut  the 
supply  off.  Magnetic  breakers  in  the 
a-c  lines  provide  additional  protec¬ 
tion  against  internal  breakdowns 


and  will  operate  within  one-half 
cycle. 

Tests  show  that  the  high-voltage 
regulator  has  a  d-c  output  with  less 
than  three  millivolts  of  ripple  which 
is  approximately  the  same  at  all 
output  voltages.  At  5,000  volts,  this 
is  6  X  lO"*  percent  and  at  300  volts 
it  is  1  X  10‘*  percent.  When  viewed 
on  a  high-gain  oscilloscope,  the  out¬ 
put  is  practically  free  from  transient 
jumps.  It  can  handle  a  3-ma  or  a 
500-ma  load  with  equal  facility.  The 
maximum  output  current  of  the  reg¬ 
ulator  is  limited  only  by  the  number 
of  regulator  tubes  used. 
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is  the  resrulated  output.  Although 
diflScult  to  measure  accurately,  this 
ratio  of  the  changes  m  voltages  is 
estimated  to  be  over  10,000. 

'  Assuming  the  reference  voltage  to 
be  constant,  the  most  likely  cause  of 
voltage  drift  is  the  divider  R^,  R^. 
Beeistor  iZ,  is  a  commercial  one-watt, 
i-percent,  wire-wound  precision  re¬ 
sistor.  The  other,  Rt,  is  a  special 
variable  resistor.  The  divider  car¬ 
ries  only  0.6  ma  of  current  and  the 
resistors  dissipate  only  about  13  per¬ 
cent  of  their  rated  values.  Thus  the 
temperature  rise,  and  hence  the  re- 
sivtance  change,  is  held  to  a  mini- 
m«n. 

Various  attempts  were  made  to 
measure  the  drift,  and  because  of  the 
necmsity  of  maintaining  a  bucking 
or  reference  voltage  more  constant 
than  the  voltage  being  measured,  the 
ssrstem  shown  in  Fig.  5  was  used. 

The  regulated  reference  supplies 
are  extremely  stable  and  were  thor¬ 
oughly  warmed  up  before  the  meas¬ 
urements  were  made.  The  voltage  to 
be  measured  is  adjusted  to  a  value 
close  enough  to  the  total  reference 
voltage  to  make  the  difference  within 
the  range  of  the  recording  voltmeter. 
This  method  shows  a  drift  of  less 
than  0.1  percent  during  the  first  five 
minutes  of  warm-up  ‘of  the  regu¬ 
lator,  and  not  more  than  0.01  percent 
at  any  time  thereafter. 

Resistor  Rt  in  Fig.  4-  is  made  up  of 
ten  two-watt  composition  volume 


controls  connected  as  rheostats. 
There  are  475  volts  maximum  across 
each  one  and  4,760  volts  across  the 
ten.  They  are  rated  at  500  volts  each. 

The  ten  volume  controls  are 
mounted  on  vacuum-impregnated 
linen  Bakelite  and  driven  by  gears 
made  of  impregnated  Bakelite.  The 
normal  backlash  in  these  gears  pro¬ 
vides  the  basis  for  a  combination 
coarse  and  fine  control  of  the  regu¬ 
lated  voltage. 

When  the  control  knob,  which  has 
a  12  to  1  ratio  to  the  volume  control 
gears,  is  turned  in  one  direction,  the 
first  volume  control  alone  changes  its 
resistance.  Then  the  second  takes, 
and  later .  the  third,  until  finally, 
when  all  the  slack  is  taken  up,  all  ten 
are  turning.  At  first,  the  control  is 
ten  times  as  fine  as  when  all  the  vol¬ 
ume  controls  are  moving.  When  the 
control  knob  is  reversed,  it  is  again  a 
fine  control.  On  the  panel,  the  knob 
is  labeled,  MASTER  CONTROL: 
(Coarse;  turn  continuously.  Fine; 
rock  back  and  forth). 


Aixiliary  Voltage  Soerce 

The  regulated  auxiliary  voltage 
source  is  indicated  by  a  block  in  Fig. 
4,  and  is  shown  in  schematic  form  in 
Fig.  6.  It  is  an  independent  constant 
voltage  source,  although  it  may  be 
operated  from  the  same  a-c  line.  In 
this  case,  it  is  supplied  by  one  of  the 
208-volt  lines  and  neutral.  There¬ 
fore,  the  primary  on  the  transformer 
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is  wound  for  120  volts,  single  phase. 

The  output  of  the  auxiliary  unit 
is  first  electronically  regulated  and 
then  again  regulated  by  the  glow-dis¬ 
charge  tubes.  This  inverse-feedback 
regulator  does  depend  upon  a  glow 
discharge  tube  for  its  reference,  but 
only  one  type  VR76  is  used  and  it  is 
supplie’d  from  the  regulated  side  of 
the  6Y6G  tube.  The  VR76  was  se¬ 
lected  because  of  its  freedom  from 
spasmodic  variation  found  in  other 
glow-discharge  tubes.  The  slope  of 
the  top  VR75  provides  excellent  com¬ 
pensation  for  the  slope  of  the  bottom 
VR75*. 

Safety  Faataras 

For  the  safety  of  inexperienced 
or  careless  operators,  and  for  safety 
in  servicing,  a  closed  cabinet  is  used 
with  an  interlock  switch,  which 
o|)ens  the  main  three-phase  relay 
when  the  rear  door  is  opened.  The 
regulated  auxiliary  voltage  source 
and  all  filaments,  except  those  in  the 
servo-transformer  control  circuit, 
operate  with  the  interlock  open.  The 
opening  of  the  interlock  prevents  the 
application  of  any  voltage  to  the 
autotransformer  and  prevents  the 
operation  of  its  control  circuit.  The 
high-voltage  output  jacks  are  located 
inside  the  cabinet,  and  leads  to  them 
are  brought  in  through  separate 
grommets.  When  there  is  any  output 
voltage,  no  work  can  be  done  on  the 
supply,  and  high-voltage  connections 
cannot  be  made. 

If  failure  in  the  control  circuit  of 
the  servo  transformer  allowed  it  to 
run  to  its  highest  position,  many 
times  the  proper  plate  voltage  would 
be  applied  to  the  regulator  tubes. 
Since  this  would  be  beyond  the  abil¬ 
ity  of  the  electronic  regulator  to  cor- 
recty  the  output  voltage  would  also 

FIG.  2 — Elactronic  circuit  ior  control  of  th« 
•erro  motor  which  it  goarod  to  the  auto- 
transformer 

FIG.  3 — Although  the  output  of  this  filter 
cannot  be  grounded,  capacitors  A  and  B 
bypass  to  ground  the  high  peaks  caused 
by  distributed  capacitance  of  the  trons- 
former 
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Electronic  commutotor  unit  oi  airborne  transmitter,  with  one  ol  the  18  commutator  channels  remoTed  and  shown  ot  riqht.  Con¬ 
nectors  90  to  bridge  units  of  instrumentation  being  telemetered 
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merit  or  gage  readings  are  converted  samples  in  each  channel  of  the  syn- 
into  signals  and  transmitted  in  cy-  chronized  receiving  commutator  are 
die  serial  order.  Twenty-one  chan-  integrated  to  provide  a  smooth 
nels  are  used,  and  each  one  is  sam-  signal  for  a  recording  galvanometer 
pled  952  times  per  second,  to  give  a  so  that  an  exact  record  of  the 
repetition  rate  of  952  cps.  The  original  instrument  signal  may  be 
switching  rate  is  then  952  x  21,  or  obtained. 

20,000  cps  (values  are  approximate) . 

The  overall  system  is  designed  Op.raH..  .f  Tro..mi«.r 

for  an  essentially  uniform  frequen-  The  block  diagram  in  Fig.  1  illus- 
cy  response  from  0  to  200  cps  in  trates  the  operation  of  the  trans- 
each  of  the  eighteen  active  channels  mitter  portion  of  the  telemetering 
(three  are  inactive).  The  short  system.  In  effect,  the  heart  of  the 


IN  the  flight  testing  of  modern 
high-performance  military  air¬ 
craft,  often  pilotless  and  radio-con¬ 
trolled,  the  aircraft  may  crash  due 
to  some  failure.  One  method  of  ob¬ 
taining  and  keeping  records  from 
various  instruments  in  the  aircraft 
is  to  transmit  the  readings  by  radio, 
as  they  occur,  to  a  ground  station 
where  they  are  recorded.  Thus,  all 
records  until  the  instant  of  the 
crash  are  available  without  risk  of 
loss. 

A  separate  radio  link  could  be 
used  to  transmit  the  signal  from 
each  instrument,  but  this  becoihes 
impractical  when  the  number  of  in¬ 
struments  to  be  telemetered  is  large. 
The  telemetering  problem  then  be¬ 
comes  one  of  multiplexing,  where  a 
number  of  signals  are  synthesized 
into  a  single  signal  which  is  trans¬ 
mitted  by  a  single  radio  link  and 
then  analyzed  into  the  original  sig¬ 
nals  after  reception. 
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Commutation 

TELEMETERING 

Readings  of  18  bridge-type  instruments  are  sampled  in  sequence  952  times  per  second 
by  broken-ring  trigger  stages  controlled  by  a  master  pulse  generator,  for  transmission 
over  an  f-m  radio  link  during  flight  tests  of  new  aircraft  or  on  pilotless  runs 


system  is  the  pulse  generator  lo¬ 
cated  in  the  airborne  transmitting 
equipment.  This  supplies  10,000- 
cycle  sinusoidal  voltage  to  drive 
bridge-type  instrumentation,  20,000 
switching  pulses  per  second  phased 
to  occur  each  time  the  sinusoidal 
voltage  crosses  the  zero  axis,  and 
952  master  pulses  per  second  oc¬ 
curring  simultaneously  with  each 
21st  switching  pulse.  Both  the 
switching  and  master  pulses  are 
also  sent  over  the  radio  link  for 
receiver  synchronizing  purposes. 

Certain  instrumentation  used  in 
flight  testing  is  well  adapted  to 
operation  in  bridge  circuits,  as  for 
example  strain  gages  and  in¬ 
ductance  accelerometers.  The  read¬ 
ings  of  other  instruments  can 
usually  be  converted  to  bridge  un¬ 
balance  voltages  by  potentiometers 
or  other  means,  so  this  telemetering 
system  has  been  developed  to  oper¬ 
ate  only  with  bridge-type  instru¬ 
mentation. 

Alternating-current  excitation  is 
used  to  permit  easy  and  reliable 
amplification  of  the  small  unbalance 
voltages  from  the  bridges  to  the 
order  of  magnitude  necessary  for 
electronic  switching.  Rectification 
and  its  attendant  difficulties  are 
avoided  by  synchronizing  the  exci¬ 
tation  waveform  with  the  commu¬ 
tator  sampling.  A  half-sine-wave 
sample  of  each  bridge  output  from 
zero  axis  to  zero  axis  is  initiated 
by  some  switching  pulse  and  is 
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Ground  receiTor  commutator  unit  of  telemetering  eyetem 
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wave  sample  passes  through  to  the 
common  output  of  the  converters 
and  on  to  the  radio  transmitter. 

The  entire  commutation  sampling 
sequence  is  thus  controlled  by  the 
trigger  stages.  These  operate  on 
what  is  called  the  broken  ring  prin¬ 
ciple.  The  20,000-cycle  switching 
pulses  are  fed  simultaneously  to  all 
trigger  stages  and  have  the  effect 
of  turning  off  any  stage  that  hap¬ 
pens  to  be  on.  Each  master  pulse 
fed  to  the  first  stage  overcomes  the 
action  of  the  simultaneous  switch¬ 
ing  pulse  and  turns  the  first  stage 
on.  The  next  switching  pulse  turns 
the  first  stage  off,  since  there  is  no 
master  pulse. 

By  the  action  of  the  first  stage 
used  since  the  action  of  a  gate  oper-  going  off,  an  interchannel  master 
ated  at  a  fixed  frequency  is  in  gen-  pulse  is  fed  to  the  second  stage, 
eral  to  modulate  the  gated  signal  turning  it  on  in  the  same  manner 
onto  the  harmonics  of  the  fixed  as  the  master  pulse  turned  on  the 
frequency).  The  amplified,  ampli-  first  stage.  This  process  continues 
tude-modulated  10,000-cycle  signal  until  the  last  channel  is  turned  on 
from  the  instrument  bridge  is  by  the  preceding  one  and  then  off 
present  at  the  input  of  the  con-  by  a  switching  pulse.  However, 
verter  at  all  times.  At  the  proper  there  is  no  interchannel  master 
time  the  converter  is  turned  on  by  pulse  connection  from  the  last  trig- 
its  trigger  stage  and  the  half-sine-  ger  stage  to  the  first  trigger  stage, 
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FIG.  3 — Pulse  generator  circuit  of  transmitter,  used  to  generate  952  master  pulses  and  20,000  switching  pulses  per  second  as  well  a> 

10-kc  power  for  bridge  excitation 
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ally  connected  to  a  recording  galva¬ 
nometer  having  a  uniform  response 
from  0  to  200  cycles. 

The  pulse  generator  circuit  of 
the  transmitter,  shown  in  Fig.  3, 
employs  a  10,000-cycle  pushpull 
tuned-plate  oscillator  using  a  12SL7 
double-triode  tube  V,.  The  tuned 
circuit  is  temperature  compensated 
and  a  frequency-adjusting  trimmer 
capacitor  is  provided.  The  rela¬ 
tively  strong  signal  from  this  oscil¬ 
lator  excites  a  6N7  untuned  class  B 
power  amplifier  F,  through  a  12SN7 
cathode-follower  driver  F,.  Capaci¬ 
tance  attenuators  are  provided  at 
the  input  of  the  driver  to  adjust 
the  output  and  balance  of  the  power 
amplifier.  A  power  output  of  5 
watts  at  10,000  cycles  is  furnished 
to  a  500-ohm  line  for  excitation  of 
instrumentation. 

A  12SL7  push-push  pulse  genera¬ 
tor  F*  is  fed  from  the  plates  of  F*. 
A  positive  pulse  occurs  each  time 
the  10,000-cycle  sinusoidal  signal 


Operation  of  Rocoivor 
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crosses  the  zero  axis.  These  20,000-  section  of  Vu  and  limited  in  the 
cycle  positive  pulses  are  shaped  by  negative  direction  by  the  master 
the  12SN7  multivibrator  V,  and  pulse  cathode  follower  V,,  and  the 
emerge  from  the  12SN7  cathode  left  section  of  the  diode  Vja. 
follower  V,  as  switching  pulses  for 
the  channel  trigger  stages.  An  ad¬ 
justment  for  the  base  level  of  the 
switching  pulses  is  provided  in  the 
circuit  of 

The  shaped  pulses  from  V*  are 
also-  fed  to  a  12H6  scale-of -seven 
divider  Ft  and  then  to  a  12H6  scale- 
of-three  divider  Two  triggered 
blocking  oscillators  are  provided  by 
the  12SN7  F,  for  the  two  scaling 
circuits.  The  resulting  pulses,  oc¬ 
curring  every  twenty-first  switch¬ 
ing  pulse,  have  been  delayed  in 
phase  by  the  scaling  'circuits  and 


cuit  contains  a  potentiometer  for 
resistance  balance  and  two  variable 
capacitors  for  capacitance  balance. 
Experience  has  shown  that  the  ca¬ 
pacitance  balance  in  any  installa¬ 
tion  is  very  stable.  The  toggle 
switch  provides  a  known  fixed  un¬ 
balance  for  single-point  calibration 
purposes. 

Normally  the  10,000-cycle  ampli¬ 
tude-modulated  bridge  output 
passes  through  the  bridge  output 
transformer  to  the  12SL7  two-stage 
tuned  amplifier  F,.  The  signal  from 
the  output  of  the  amplifier  is  pres¬ 
ent  at  all  times  at  the  input  to  con¬ 
verter  F,.  The  amplifier  employs 
inverse  feedback  from  the  cathode 
of  the  second  stage  to  the  grid  of 
the  first  stage.  Eleven  calibrated 
steps  of  attenuation  are  provided 
by  a  tapped  resistor  in  the  cathode 
of  the  second  stage,  sufficient  in¬ 
verse  feedback  being  maintained  at 
the  minimum  attenuation  position. 


IrekM-Riag  Trigger  Circalt 

Two  consecutive  stages  of  the  18- 
stage  trigger  chain  controlled  by 
the  pulse  generator  are  shown  in 
Fig.  4  to  illustrate  how  electronic 
commutation  is  achieved  in  the 
transmitter.  Each  trigger  tube  is 
stable  with  either  side  conducting, 
although  each  of  the  positive 
switching  pulses  will  stop  conduc¬ 
tion  in  the  right  side  (turn  the 
stage  off)  if  it  happens  to  be  con¬ 
ducting,  thereby  placing  the  left 
side  in  a  conducting  state. 


PULSt  TO  NEXT  STAGE 


PULSE  PROM  PRECEO 
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FIG.  6 — Signal  patiarn  at  transmitter  commutator  output  showing  one  entire  commuta- 
tion  cycle  including  master  pulse  MP 


the  output  of  the  radio  receiver. 
Referring  to  the  circuit  of  the  pulse 
selector  in  Fig.  7,  the  large  negative 
blanking  pulses  from  the  radio  re¬ 
ceiver  (absolute  value  of  peaks  is 
zero)  applied  to  ‘the  grid  of  the 
12SH7  tube  Vi  cause  corresponding 
positive  pulses  at  the  plate,  while 
the  more  positive  portions  of  the 
signal  of  Fig.  6  are  lost  due  to  the 
biasing  action  of  the  circuit. 

PmIs*  Solaeter  la  Racaivar 

The  12SH7  tube  V,  drives  a  20,- 
000-cycle  tuned  circuit  of  moderate 
Q  to  provide  a  stabilized  sinusoidal 
signal  synchronized  with  the  blank¬ 
ing  pulses.  The  output  of  the  tuned 
circuit  is  then  shifted  in  phase  and 
passed  through  a  two-stage  square- 
wave  generator  consisting  of  the 
left  section  of  the  12SN7  V,  and  the 
12SH7  W.  The  20,000-cycle  square 
wave  is  differentiated  and  the  posi¬ 
tive  pulses  are  selected  and  deliv¬ 
ered  at  low  impedance  by  the  cas¬ 
cade  cathode  followers  of  the  12SN7 
y.  for  use  as  switching  pulses  for 


the  receiving  commutator  channels. 

Having  thus  traced  through  the 
switching  pulse  section  of  the  pulse 
selector,  we  return  to  the  signal  of 
Fig.  6  and  the  problem  of  selecting 
the  positive  synchronizing  master  . 
pulse.  This  positive  pulse  on  the 
grid  of  the  12SH7  V,  causes  a  cor¬ 
responding  negative  pulse  at  the 
plate,  while  the  more  negative 
portions  of  the  signal  ‘are  lost  due 
to  the  positive  bias  on  the  cathode. 

The  negative  pulse  is  applied  to 
the  right  grid  of  the  12SN7 
thereby  permitting  the  capacitor  in 
the  cathode  circuit  to  discharge 
slowly  through  the  resistor  across 
it.  If  the  pulse  is  long  enough,  the 
potential  of  the  paralleled  cathodes 
of  the  right  section  of  F,  and  the 
left  section  of  the  12SN7  Ft  will 
decrease  to  such  a  value  that  the 
multivibrator  circuit  of  F,  will  trig¬ 
ger  and  deliver  a  negative  pulse  at 
the  left  plate.  This  negative  pulse 
acts  as  a  master  pulse  for  the  dum¬ 
my  trigger  circuit  of  the  12SN7  F, 
(for  it  controls  no  converter), 


which  in  .turn  supplies  an  inter¬ 
channel  master  pulse  to  operate  the 
first  channel  of  the  commutator 
trigger  chain. 

The  dummy  trigger  circuit  is  in¬ 
corporated  in  the  pulse  selector  be¬ 
cause  the  master  pulse  from  Ft 
comes  relatively  late  during  a 
sampling  period  due  to  the  delay 
action  of  the  selection  circuit,  which 
insures  that  short  noise  pulses  will 
not  be  mistaken  for  the  longer  50- 
microsecond  synchronizing  master 
pulses. 

R*c*iv*r  Commatator  CbaHaal 

The  receiver  commutator  trigger 
chain  is  identical  with  that  of  the 
transmitter  except  that  it  is  oper¬ 
ated  by  the  pulse  selector  instead 
of  the  pulse  generator.  The  circuit 
of  one  receiver  commutator  channel 
is  given  in  Fig.  8.  The  12SN7  Fi 
is  used  in  the  familiar  trigger  cir¬ 
cuit.  However,  the  12SN7  double 
cathode  follower  converter  F,  is 
operated  by  negative  control  pulses 
from  the  trigger  stage.  The  cathode 
of  the  left  section  normally  holds 
the  cathode  of  the  right  section  at 
such  a  high  potential  that  the  latter 
is  cut  off.  During  the  oh  period  of 
the  channel  the  negative  pulse  from 
Fi  cuts  off  the  left  section  of  F,  and 
allows  the  right  section  to  gain 
control  and  conduct  the  channel 
sample  as  a  cathode  follower.  Thus 
the  channel  sample  pulses  at  the 
cathode  of  F,  are  in  the  negative 
direction.  These  channel  samples 
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from  the  12SN7  phase  inverter  and 
cathode  follower  V,  are  delivered  to 
the  following  pulse  filter  as  positive 
pulses.  As  previously  explained,  the 
output  of  the  pulse  filter,  is  a  476- 
cycle  sinusoidal  signal,  amplitude 
modulated  by  the  channel  intelli¬ 
gence,  This  passes  through  a  highly 
stabilized  three-stage  amplifier  us¬ 
ing  Vt  and  Vt. 

The  left  section  of  the  12SL7 
acts  as  a  voltage  amplifier,  driving 
the  right  section  operating  as  a 
cathode  follower  phase  inverter  to 
drive  the  push-pull  12SN7  output 
stage.  The  amplified  amplitude- 
modulated  476-cycle  sinusoidal  sig¬ 
nal  is  then  demodulated  by  a  full- 
wave  copper-oxide  rectifier  and  low- 
pass  filter.  Balancing  current  is 
supplied  from  a  12-volt  d-c  sdurce 
by  a  potentiometer  before  the  sig¬ 
nal  is  delivered  to  a  recording 
galvanometer.  A  maximum  peak- 
to-peak  output  of  approximately  20 
milliamperes  is  available  for  the 
galvanometer.  This  may  be  reduced 
by  means  of  a  gain  control  in  the 
inverse  feedback  loop. 

Radio  Liak 

Any  deviation  from  a  linear  re¬ 
sponse  in  the  radio  link  will  appear 
identically  in  all  channels  as  a  devi¬ 
ation  from  linear  response,  but  no 
crosstalk  or  noise  will  result.  To 
maintain  crosstalk  below  tolerable 
limits  it  is  necessary  for  the  ampli¬ 
tude  -  versus  -  frequency  response 
of  the  radio  link  to  be  uniform 


result  of  the  research  and  develop¬ 
ment  in  high-speed  time-division 
aircraft  telemetering  carried  on  at 
Palmer  Physical  Labo’ratory, 
Princeton  University,  from  1943 
through  1946.  The  work  was  done 
under  contract  with  Section  17.2 
of  NDRC.  The  writer  was 
one  of  a  small  group,  now  dis¬ 
persed,  whose  members  contributed 
the  ideas  leading  to  the  equipment 
described. 

This  equipment  is  the  result  of 
considerable  flight  test  experience 
with  P59,  F7F  and  P80  aircraft 
gained  with  the  earlier  Type  1 
Model  B  telemetering  system  in 
close  cooperation  with  the  Bell  Air¬ 
craft  Corporation  during  the  latter 
part  of  1944  and  early  part  of  1945. 
The  sampling  method  of  this  earlier 
system  required  the  radio  link  to 
transmit  a  slowly  varying  d-c  com¬ 
ponent. 

The  present  system  employs, 
among  other  things,  an  altered 
sampling  method  requiring  a  more 
easily  obtainable  lower  limit  of  250 
cycles  for  the  radio  link  frequency 
response.  Two  of  these  systems 
were  recently  used  at  Bikini  on 
Operation  Crossroads  to  telemeter 
air  pressures  at  18  locations  on  each 
of  two  target  ships,  using  a  fre¬ 
quency-modulated  transmitter  as 
the  radio  link.  Maximum  frequency 
deviation  was  150  kc,  frequency 
The  equipment  described  herein,  response  was  uniform  from  0  to 
known  as  the  NDRC  Telemetering  70,000  cycles,  and  power  output  was 
System  Type  2  Model  A,  is  a  partial  700  watts. 


Powsr  ampliiier  of  f-m  tranuniHer  tuod  at 
Bikini  as  tho  radio  link  for  the  telemetering 
system  described 


limits.  In  the 


between 


certain 

present  system  these  limits  can  be 
shown  to  be  approximately  250  and 
70,000  cycles  for  adjacent-channel 
crosstalk  below  50  decibels.  The 
maximum  air-to-ground  range  is  15 
to  25  miles. 
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FIG.  8 — Circuit  of  one  of  the  18  commutator  channels  in  the  receiver 
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Eccles-Jordan  scale-of-twa  trigger  circuits  divide  the  audio 
input  frequency  and  produce  two-phase  output  for  driving 
a  synchronous  motor  and  magnetic  drag  tachometer.  Fre¬ 
quencies  from  30  to  450  cycles  are  indicated  directly  hy 
pointer  with  0.5-percent  accuracy 


FIG.  1 — Block  diagram  oi  iachometric 
oudlo-iroquoncy  motor 


FIG.  2 — Basic  Ecclos- Jordon  circuit  usod 
to  lowor  input  froquoncy  suiliciontly  to 
driTo  a  synchronous  motor,  with  input, 
output,  and  grid-Toltago  woroiorms 


Direct-reading,  wide-range  elec¬ 
tronic  audio-frequency  meters 
are  seldom  capable  of  maintaining 
an  accuracy  of  better  than  two ’per¬ 
cent.  Limiting  factors  such  as 
supply-voltage  regulation,  temper¬ 
ature  variations,  and  the  aging  of 
tubes  and  circuit  components  can 
be  compensated  for  only  to  a 
limited  degree. 

During  the  development  of  a 
more  accurate  frequency  meter, 
investigation  was  made  of  all  con¬ 
ventional  methods  of  frequency 
measurement.  The  device  which 
within  reasonable  limits  proved  to 
be  the  most  dependably  inde¬ 
pendent  of  variables  other  than 
frequency  was  the  combination  of 
a  synchronous  motor  and  magnetic 
drag  tachometer  shown  in  block 
form  in  Fig.  1.  Its  adaptation  for 
the  purpose  of  frequency  measure¬ 
ment  in  conjunction  .with  suitable 
electronic  circuits  is  herein 
described. 


The  characteristics  of  a  syn¬ 
chronous  motor  are  such  that 
although  it  will  maintain  constant 
speed  at  any  rated  load,  its  torque 
w’hen  out  of  synchronism  is  very 
low.  Also,  in  order  to  realize  a  fair 
degree  of  efficiency  and  good  start¬ 
ing  characteristics,  the  motor  must 
be  of  polyphase  construction. 

The  use  of  a  polyphase  (two- 
phase)  motor  necessitates  the  in¬ 
clusion  of  a  phase-splitting  circuit 
in  order  that  the  frequency-meter 
input  be  single-phase.  Since  the 
range  of  frequencies  through  which 
a  synchronous  motor  will  remain 
synchronous  is  limited  (from  about 
10  to  150  cycles  for  a  good  60-cycle 
motor),  frequency  dividers  are 
required  for  range  extension. 

FreqHency-Divider  CircHit 

The  Eccles-Jordan  scale-of-two 
circuit  shown  in  Fig.  2  provides  a 
reliable  frequency  divider.  Resis¬ 
tors  Ri  —  Ri  —  Rt  and  R,  —  R.  —  Rt 
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cup.  A  rotating  permanent  magnet 
within  the  cup,  driven  by  the  syn¬ 
chronous  motor,  sets  up  eddy  cur¬ 
rents  in  the  cup,  producing  a  shaft 
torque  proportional  to  the  speed 
of  magnet  rotation.  The  torque, 
acting  against  the  spring,  causes  a 
shaft  displacement  proportional  to 
the  torque.  The  pointer  indicates 
the  speed  on  a  dial  calibrated  in 
cycles  per  second. 

The  drag  cup  is  made  of  a  special 
alloy  with  a  very  low  temperature- 
resistance  coefficient.  The  magnet 
is  seasoned  and  is  compensated  for 
temperature  errors.  The  effect  of 
age  upon  accuracy  is  negligible. 
Overall  accuracies  better  than  half 
of  one  percent  can  be  maintained 
in  normal  use. 

Cenplet*  Circait 

.  The  complete  circuit  of  a*n  ex¬ 
perimental  unit  designed  to  operate 
from  30  to  450  cycles  is  given  in 
Fig.  4.  Here  the  outputs  from  the 
frequency  dividers  are  not  taken 
directly  from  the  plates  but  from 
taps  in  the  load  resistors,  to  pre¬ 
vent  instability  due  to  loading. 

If  one  phase  of  a  two-phase 
motor  is  reversed,  the  direction  of 
rotation  will  be  reversed.  In  order 
to  prevent  the  instrument  from 
reading  backwards,  the  load  resis¬ 
tors  of  the  second  dividers  are 
made  unequal  (R2  +  R,  =  1.5Ri). 
This  unbalance  assures  consistency 
in  the  firing  order  of  the  second 
dividers.  The  simultaneous  re¬ 
versal  of  both  phases  will  not  affect 
the  direction  of  rotation.  There¬ 
fore,  the  first  divider  requires  no 
unbalance. 

The  problem  of  varying  input 
waveform  is  taken  care  of  by  trig¬ 
ger  circuit  V,  preceding  the  first 
divider.  Except  that  the  input  is 
applied  'to  one  grid  and  the  static 
voltage  distribution  is  changed, 
this  circuit  operates  in  a  manner 
similar  to  the  frequency  divider. 
Its  output  is  either  a  square  or 
rectangular  wave,  regardless  of 
input  waveform.  The  only  input 
limitation  is  that  the  unknown  fre¬ 
quency  be  periodic.  If  it  should 
be  necessary  to  determine  the  aver¬ 
age  frequency  of  an  aperiodic  in¬ 
put,  the  trigger  circuit  would  have 
to  be  replaced  by  some  sort  of 


Cutaway  Ti«w  oi  aynchronoui  motor,  magnetic  drag  tachometer,  and  indicating  ecale 


Exploded  eiew  oi  rotating  parts  of  motor  and  tachometer,  showing  permanent  magnet 
at  right  end  of  synchronoiu  motor  shaft  and  copper  cup  at  left  end  of  tachometer 
shaft.  Eddy  currents  induced  in  cup  by  magnet  cause  tachometer  shaft  to  be  dis* 
placed  against  spring  torque  in  proportion  to  speed  of  magnet  rotation 


The  power  amplifier  design  is 
determined  chiefly  by  the  require¬ 
ments  of  the  motor  used.  For  a 
motor  rated  at  about  50  ma  at  100 
volts  (per  phase),  the  circuits  of 
F,  and  Ft  suffice.  .Variations,  such 
as  inverse  feedback  and  class-H 
output,  would  probably  be  required 
if  the  motor  were  larger  or  a  range 
of  frequencies  greater  than  ten  to 
one  were  to  be  used. 

The  foregoing  combination  of 
frequency  divider,  synchronous 
motor,  and  magnetic  tachometer 
provides  an  excellent  device  for  the 
measurement  of  audio  frequencies. 
In  comparison  with  available  com¬ 
mercial  frequency  meters,  it  offers 
an  increase  in  accuracy  of  better 
than  400  percent. 


integrating  or  averaging  circuit. 

Since  the*  impedance  of  the  motor 
varies  with  the  frequency  applied, 
the  method  of  coupling  the  motor 
to  the  power  amplifiers  must  be 
free  of  matching  errors.  This  is 
easily  done  by  using  large  electro¬ 
lytic  capacitors  (20/nf  for  C,  and 
C,)  directly  between  the  plates  and 
the  motor. 

Voltage  amplifier  F,  precedes  the 
trigger  circuit.  The  sensitivity  of 
the  frequency  meter  is  determined 
by  the  gain  of  the  amplifier  and 
can  be  extended  as  desired  by  the 
use  of  a  pentode  or  another  stage. 
Range  extension  can  be  accom¬ 
plished  through  the  use  of  addi¬ 
tional  frequency  dividers  preceding 
the  first  divider. 
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impress  bias  voltages  on 'the  grids 
of  Vi  and  Vt.  Due  to  slight  circuit 
inequalities,  one  tube  (say  Vi)  con¬ 
ducts  more  current  than  the  other. 
The  larger  voltage  drop  across  its 
load  resistor  Rt  causes  a  decrease 
in  current  through  V,.  This  in 
turn  causes  a  smaller  drop  across 
Rt,  and  Vt  conducts  even  more  cur¬ 
rent.  The  tendency  is  to  drive  one 
tube  toward  cutoff  and  the  other 
toward  saturation.  Actually,  one 
grid  is  kept  at  about  zero  (because 
of  grid  current)  and  the  other  is 
driven  well  beyond  cutoff. 

When  a  square-wave  input  is  ap¬ 
plied  at  A,  C»  —  Rt  and  C*  —  Rt 
differentiate  the  square  .waves,  and 
sharp  full-wave  pulses  appear  at  B 
and  C.  When  a  positive  pulse  ap¬ 
pears,  the  conducting  tube  under¬ 
goes  no  change.  The  nonconducting 


tube  attempts  to  conduct  but  is 
prevented  from  doing  so  by  the 
high  negative  bias  impressed  upon 
it  by  the  other  tube. 

When  a  negative  pulse  appears, 
both  tubes  are  momentarily  driven 
to  cutoff.  The  charges  existing 
across  C*  and  C,  can  now  exert  con¬ 
trol  over  the  circuit.  The  higher 
charge  across  Cx  causes  V,  to  con¬ 
duct  more  current  and,  through  the 
process  previously  described,  V,  is 
driven  to  cutoff.  One  input  cycle 
causes  one  transfer  of  conduction, 
and  two  input  cycles  cause  one 
cycle  of  conduction  transference. 

-  Twe-Phas*  Output  Circait 

The  use  of  the  Eccles- Jordan 
circuit  to  extend  frequency  range 
and  simultaneously  produce  a  two- 
phase  output  from  a  single-phase 


input  is  believed  to  be  new.  The 
method  whereby  this  is  done  is 
shown  in  Fig.  3.  Two  dividers,  each 
driven  from  a  plate  of  the  first 
divider,  receive  signals  having  180 
degrees  difference  in  phase.  Due 
to  the  frequency-dividing  action, 
their  outputs  are  90  degrees  nut  of 
phase.  The  principle  underlying 
this  arrangement  is  that  the  second 
subharmonics  of  two  signals  of  the 
same  frequency  and  of  180  degrees 
phase  displacement  are  90  degrees 
out  of  phase. 

If  V,  and  V,  drive  power  ampli¬ 
fiers  whose  loads  are  the  fields  of 
the  synchronous  motor,  the  motor 
will  run  at  a  speed  proportional 
to  one-fourth  the  input  frequency. 
Conditions  which  would  be  limiting 
factors  in  the  accuracy  of  a  con¬ 
ventional  electronic  frequency 
meter  can  in  no  way  interfere  with 
the  synchronous  operation  of  the 
motor  in  this  circuit. 

CoHstractioH  of  Toekomotor 

The  magnetic  drag  tachometer  is 
used  to  operate  a  direct-reading 
indicator  corresponding  to  the 
speed  of  the  motor.  It  consists  of 
a  spring-loaded  shaft,  on  which  is 
mounted  a  pointer  and  a  copper 


FIG.  3 — Um  oi  Ecclot-Jordon  circuij  to  produce  two  tquaro-ware  outputs  diiisring  in 

phoso  by  90  dogroos 


FIG.  4 — Comploto  oloctronic  circuit  used  to  driTo  synchronous  motor  and  magnetic  drag  tachometer.  Values  used  ior  three  15.000^hm 

cadkode  resistors  in  the  diriders  are  critical 
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A  supersonic  beeper,  installed  in  a  torpedo,  produces  a  24.5-kilocycle  sound  wave  that 
is  picked  up  by  a  directional  magnetostriction  hydrophone  in  a  search  vessel.  Final 
location  of  a  lost  torpedo  is  done  by  a  diver  carrying  a  portable  hydrophone 


In  operation,  using  the  directional 
receiving  hydrophone  and  the  re¬ 
ceiving  amplifier  to  be  described,  an 
average  unit  receiving  from  80  to 
90  volts  at  23  to  25  kilocycles  from 
the  oscillator-amplifier  produces  an 
excellent  signal  at  550  yards,  and  a 
detectable  signal  at  880  yards  to 
1320  yards,  depending  upon  water 
conditions. 


Listening  Eqnipment 

The  hydrophone  for  the  listening 
equipment  must  be  directional 
enough  to  locate  the  missing  tor¬ 
pedo,  but  not  too  sharp  so  that 
training  the  projector  would  be  dif¬ 
ficult.  To  fit  this  requirement,  a 
magnetostriction  hydrophone  was 
developed. 

The  active  element  of  the  mag¬ 
netostriction  unit  is  a  nickel  tube 
about  12  inches  long  with  li-inch 
outside  diameter  and  0.035-inch 
wall  thickness.  Three  magnet  and 
coil  assemblies  are  placed  inside  the 
tube,  the  middle  magnet  and  coil 
assembly  being  5  inches  long,  while 
each  of  the  two  end  coils  is  half  the 
physical  size  of  the  center  one  and 
has  half  the  number  of  turns.  This 
produces  a  shading  effect  which  re¬ 
duces  the  minor  lobes  of  the  pat¬ 
tern,  giving  the  desired  sharpness. 

Three  bar  magnets  are  used  to 
produce  a  magnetic  field  in  the 
nickel  tube.  The  poles  of  the  mag¬ 
nets  appear  along  their  edges, 
which  are  flush  with  the  inside  sur¬ 
face  of  the  tube.  Two  half-cylindri¬ 
cal  wooden  forms  are  placed  on 
either  side  of  the  magnets  to  form 
a  cylindrical'  assembly  which  fits 
within  the  nickel  tube.  This  as¬ 
sembly  is  small  enough  to  permit 
wire  to  be  wound  on  the  cylinder 
to  form  a  coil.  The  first  turn  of 
the  coil  is  wrapped  around  one  of 


FIG.  3 — Magnatostriclion  listening  hydrophone  in  its  streamlined  plastic  housing. 
Magnet  and  coil  assemblies  inside  a  nickel  tube  form  the  transducer 


netic  polarization.  Alternating  cur-  phone  were  not  too  large  at  this 
rent  from  the  oscillator-amplifier  frequency. 

flows  through  the  coil  and  produces  , 

the  driving  force  to  set  the  mag- 

netostrictive  tube  into  oscillation.  With  a  ten-volt  signal  at  the  res- 
The  tube  and  its  diaphragm  com-  onant  frequency  impressed  upon 
prise  a  mechanically  resonant  sys-  the  coil  of  the  transducer,  the  acou- 

tem  so  that  the  conversion  of  elec-  stic  field  at  a  distance  of  one  meter 

trical  to  acoustical  energy  is  in  the  direction  of  maximum  inten- 

achieved  with  high  efficiency  at  the  sity  is  from  30  to  35  db  above  one 

resonant  frequency.  This  frequency  dyne/cm*.  Ideally,  the  projector 

depends  primarily  on  the  length  of  would  be  nondirectional,  but  wher 

the  nickel  tube,  which  is  approxi-  mounted  on  one  side  of  the  20  tc 

mately  one-quarter  wavelength.  22-inch  diameter  torpedo  shell,  th( 
The  chosen  frequency  is  a  com-  shell  causes  the  acoustic  signal  t( 

promise  between  two  conflicting  differ  by  10  to  15  db  in  different  di 

factors:  The  range  is  increased  as  rections.  Thus,  the  intensity  of  th( 

the  frequency  is  lowered;  and  for  sound  field  one  meter  away  in  th( 

given  physical  dimensions  of  the  re-  direction  of  minimum  output  i 

ceiving  hydrophone,  the  principal  about  20  db  above  one  dyne/cm“. 

sound  beam  becomes  sharper  as  the  Assuming  an  inverse  square  la\ 
frequency  is  increased.  of  diminution  of  the  field  with  dis 

A  frequency  of  24.5  kilocycles  tance  and  taking  —20  db  versus  on 

'vas  chosen  because  satisfactory  dyne/cm*  as  a  threshold  signi 

range  could  be  obtained,  and  the  strength,  a  maximum  operatin 

dimensions  of  the  receiving  hydro-  range  is  set  at  about  1,100  yardi 
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UNDERWATER  locating  equipment 
has  been  developed  by  the 
Harvard  Underwater  Sound  Labo¬ 
ratory  for  finding  torpedoes  lost 
during  test  runs. 

An  oscillator-amplifier  and  a  mag¬ 
netostriction  projector  are  mounted 
in  the  torpedo.  The  oscillator  unit, 
powered  by  the  main  battery  in  the 
electric  torpedo  or  by  special  bat¬ 
teries  in  the  air  or  steam  torpedo, 
delivers  a  supersonic  signal  to  the 
projector,  which  transmits  an  al¬ 
most  nondirectional  sound  beam  of 
moderate  intensity  into  the  sur¬ 
rounding  water. 

Mounted  on  the  searching  ship  is 
the  second  part  of  the  equipment,  a 
directional  receiving  hydrophone 
and  a  heterodyne  receiving  ampli¬ 
fier.  The  directional  hydrophone  is 
trained  to  receive  a  maximum  sig¬ 
nal.  This  signal  is  heterodyned  in 
the  receiving  amplifier  to  an  audi¬ 
ble  tone  which  is  heard  in  the  loud¬ 
speaker.  The  vessel  is  then  steered 
in  the  dirwtion  indicated  by  the  re¬ 
ceiver. 


iMiinanct  Retvarch  Laboratory 
The  PetiHMylrania  State  College 
School  of  Engineering 
State  College,  Pa. 


FIG.  2 — Elactronic  portion  of  the  transmitter,  the  transducer,  and  the  rubber  pad 
that  clamps  between  the  transducer  diaphragm  and  the  shell  of  the  torpedo 


TroMsiiiitter 


The  two-stage  oscillator-amplifier 
employs  two  3Q5-GT  tubes,  one  of 
which  operates  as  a  frequency-sta¬ 
bilized  oscillator  driving  the  output 
stage.  The  schematic  diagram  of 
Fig.  1  shows  the  circuit  of  this  unit. 


Both  filament  and  plate  current  are  2  shows  the  oscillator-amplifier  as- 
supplied  from  the  storage  batteries  sembly  and  projector, 
of  an  electric  torpedo,  and  with  a  The  supersonic  sound  projector  is 
supply  voltage  of  150  volts  an  acous-  mounted  inside  the  torpedo  by 
tic  signal  in  excess  of  one-half  watt  means  of  a  mounting  ring  which  is 
is  transmitted  to  the  water.  Figure  cylindrically  curved  on  the  bottom 

and  is  brazed,  silver  soldered,  or 

-  welded  to  the  inside  surface  of  the 

torpedo  shell.  The  projector  is 
clamped  into  the  mounting  ring  un¬ 
til  the  projector  diaphragm  makes 
proper  contact  with  a  rubber  pad 
between  the  diaphragm  and  the 
shell  surface.  The  active  element  of 
the  transducer  is  a  magnetostric- 
tive  nickel  tube  mounted  on  a  small 
metal  button,  the  diaphragm,  which 
is  joined  to  the  case  of  the  projec¬ 
tor  by  a  thin  section  of  metal. 

Transducer  Construction 

A  coil  of  several  hundred  turns 
surrounds  the  nickel  tube  and  a 
small  permanent  magnet  rod  is 
placed  inside  and  along  the  axis  of 
the  tube,  in  order  to  provide  mag- 
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FIG.  1 — Qrcuit  of  oscillator  and  amplifier  that  drives  the  magnetostriction  tronsducer 

in  the  torpedo 
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the  poles  of  the  magnet,  and  each  are  focused  along  the  axis  of  the 
successive  turn  is  wrapped  adjacent  hydrophone.  Use  of  the  reflector 
to  the  preceding  one.  Thus,  the  accordingly  res*ults  in  reducing  the 
last  turn  appears  around  the  pole  back  response  far  below  that  of  the 
of  the  magnet  on  the  side  of  the  front  side;  and  increasing  the  level 
coil  opposite  the  one  from  which  it  of  the  front  response  by  virtue  of 
started.  the  focusing  effect. 

The  three  coils  are  connected  in  Figure  4  illustrates  a  rod  and 
series  aiding,  and  all  three  magnets  lever  system  that  is  used  to  change 
are  placed  with  like  poles  pointing  the  direction  of  maximum  sensi- 
in  the  same  direction.  The  coil  as-  tivity  by  rotating  the  reflector 
sembly  is  slipped  inside  the  nickel  through  90  degrees  about  a  longi- 
tube  to  which  a  cap  and  rubber  tudinal  axis.  This  permits  of  hori- 
gaskets  are  fitted  at  each  end  to  zontal  search  when  the  reflector  is 
provide  water  tight  joints.  The  as  shown  at  the  top  of  Fig.  4,  and 
caps  are  held  together  by  six  struts,  'vertical  search  when  it  is  as  shown 
The  electrical  cable  is  brought  out  at  the  bottom.  The  rod  which  con- 
through  a  gland  providing  a  water-  trols  the  reflector  extends  up 
seal.  through  the  center  of  a  supporting 

Figure  3  is  a  photograph  of  the  pipe  to  the  deck  of  the  search 
listening  hydrophone  in  its  stream-  vessel, 
lined  Lucite  housing.  The  stream¬ 
lining  is  required  so  that  search 
may  be  conducted  while  the  vessel  is 
in  motion.  Several  holes  are  drilled 
in  the  housing  to  make  it  free  flood¬ 
ing.. 

Reflector  Details 

To  limit  the  sensitivity  of  the 
hydrophone  to  one  direction  for  use 
as  a  direction  indicator,  it  is 
equipped  with  a  pressure-release 
reflector.  This  consists  of  a  semi- 
cylindrical  sheet  of  i-inch  Gelltite 
Neoprene,  which  covers  one-half 
the  cylindrical  tube  at  one  time. 

The  characteristics  of  the  hydro¬ 
phone  are  such  that  at  a  frequency 
of  24.5  kilocycles  (the  frequency  of 
the  projector),  signals  striking  the 
concave  surface  of  this  reflector 


FIG.  5 — Azimuthal  pattern  of  maqnetro- 
striction  listening  hydrophone  when 
mounted  in  its  housing 


PerforMORce  Characteristics  local  oscillator  and  vlf  tuned  cir¬ 

cuits  is  ganged  to  produce  proper 
tracking  between  the  two  frequen¬ 
cies  over  the  tuning  range  of  21  to 
51  kilocycles.  The  difference  in  fre¬ 
quency  between  the  local  oscillator 
and  input  signal  is  1,500  cycles,  and 
the  audio  resonant  filter  is  ad¬ 
justed  to  that  frequency.  If  neces¬ 
sary,  the  audio  filter  consisting  of 
Cl  and  Li  may  be  switched  into  the 
circuit  to  improve  signal-to-noise 
ratio.  The  6V6  output  stage  pro¬ 
vides  appreciable  audio  power 
which  may  be  applied  to  the  loud¬ 
speaker  or  may  be  picked  up  on 
headphones. 

A  level  indicator  is  bridged  across 
the  output  system,  and  use  of  this 
meter  enhances  the  accuracy  of 
bearing  determinations.  In  addi¬ 
tion,  the  rapid  drop  of  level  after 
the  searching  vessel  has  passed  di- 
Raeeiver  Circuit  rectly  over  a  torpedo  is  immediately 

obvious,  both  visually  and  aurally. 

To  realize  the  maximum  capa-  A  master  gain  control  varies  the 
bilities  of  the  transmitting  system  gain  of  the  first  r-f  stage,  while 
located  in  a  lost  torpedo,  satisfac-  auxiliary  gain  control  in  the  a-f 
tory  receiving  equipment  had  to  be  system  permits  the  user  of  head- 
devised.  Water  background  noise  phones  to  select  his  own  desired 
on  a  moving  boat  limits  the  maxi-  operating  level  independent  of  the 
mum  usable  sensitivity.  level  of  loudspeaker  operation. 

The  diagram  of  the  listening  re¬ 
ceiver  is  shown  in  Fig.  6.  The  first 
stage  is  an  untuned  very  low-fre-  The  listening  hydrophone  is  at- 
quency  amplifier  which  is  followed  tached  to  a  long  pipe  which  is  in- 
by  a  tuned  vlf  amplifier,  and  con-  stalled  in  a  steel  well,  approximately 
verter.  The  local  oscillator  injects  18  inches  square  and  standing  about 
a  signal  to  the  converter  which,  2  feet  above  the  cabin  deck,  located 
when  mixed  with  the  incoming  vlf  amidships  on  the  starboard  side  of 
signal,  produces  an  audible  beat-  the  keel.  The  hydrophone  is  drawn 
frequency  output.  Tuning  of  the  up  in  the  well  when  not  in  use,  and 


The  magnetostriction  listening 
hydrophone  has  a  peak  sensitivity 
of  about  —80  db  volts  per  dyne/ 
cm*,  which  is  nearly  constant 
(about  five-db  variation)  from  15 
to  35  kilocycles  when  used  in  con¬ 
junction  with  a  matching  trans¬ 
former. 

The  azimuthal  pattern  for  this 
unit  is  shown  in  Fig.  5.  The  minor 
lobes  are  nearly  20  db  below  the 
principal  beam,  while  the  front-to- 
back  discrimination  is  about  30  db. 
The  pattern  is  much  broader  in  a 
plane  perpendicular  to  the  long  axis 
of  the  hydrophone.  In  fact,  it  is 
practically  nondirectional  when 
used  without  a  reflector.  When  used 
with  the  reflector,  as  previously 
noted,  the  back  lobe  is  reduced 
about  30  db. 


Hotttmf  R9fl9Ctor  Tron$dueH 


Search  Procedure 


^O*r0€ti9ti  of 
kfOMtmum  Soositivfty 


Roftoctor 


FIG.  4 — The  rod  and  lerer  mechanism  ro¬ 
tates  a  reflector  for  training  the  listening 
hydrophone  in  depth 
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lowered  to  a  point  about  three  feet 
below  the  keel  when  in  use.  Leads 
from  the  hydrophone  are  brought 
up  through  the  tube  to  the  listen¬ 
ing  receiver.  The  hydrophone  is  ro¬ 
tatable  through  360  degrees.  Over¬ 
side  training  gear  was  installed  on 
some  vessels. 

When  search  is  begun,  the  fre¬ 
quency  control  of  the  receiving 
oscillator-amplifier  is  locked  at  the 
frequency  of  the  torpedo’s  projec¬ 
tor,  and  the  gain  control  is  set  at 
a  high  level.  The  audible  tone 
from  the  speaker  is  usually  de¬ 
pended  upon  to  give  the  first  indica¬ 
tion  that  the  projector  signal  is 
being  picked  up,  although  with 
very  weak  signals  it  is  necessary 
to  use  headphones. 


When  the  projector  signal  is 
heard,  the  search  boat  is  steered 
on  the  bearing  specified  by  the  in¬ 
dicator  on  the  training  gear,  which 
points  in  the  direction  of  the  major 
lobe  of  the  listening  hydrophone. 
During  the  approach,  the  oscillator- 
amplifier  meter  is  used  instead  of 
the  audible  note  to  indicate  the  di¬ 
rection  from  which  the  signal 
strength  is  a  maximum  and  the 
course  is  corrected  as  required  in 
order  to  maintain  the  highest  pos¬ 
sible  meter  reading.  It  is  neces¬ 
sary,  of  course,  to  reduce  the  gain 
from  time  to  time  to  prevent  the 
meter  needle  from  going  off  scale. 
If  this  procedure  is  followed,  the 
searching  boat  will  pass  directly 
over  the  lost  torpedo.  This  pre¬ 
liminary  search  is  done  with  the 


hydrophone  reflector  in  the  azimu¬ 
thal-searching  position. 

As  soon  as  the  course  of  the 
searching  boat  has  been  definitely 
established,  the  training  gear  Is  ro¬ 
tated  through  90  degrees  and  the 
reflector  changed  to  the  depth¬ 
searching  position.  This  means 
that  the  long  axis  of  the  hydro¬ 
phone  is  now  parallel  to  the  course 
of  the  vessel,  so  that  the  reception 
beam  is  narrow  in  the  direction  the 
vessel  is  moving.  When  the  signal 
reaches  a  maximum,  the  vessel 
should  be  directly  over  the  lost 
torpedo,  and  a  marker  buoy. 

The  next  step  is  for  a  diver  tq 
descend  to  the  bottom  and  seek  to 
locate  the  torpedo  exactly.  Under 
conditions  of  zero  visibility,  even 
the  small  area  involved  may  still 
leave  the  diver  a  long  and  tedious 
search  problem. 

Experiments  have  been  carried 
out  in  which  the  diver  carries 
either  in  his  hand  or  attached  to 
his  belt  a  listening  hydrophone 
whose  cable  is  attached  to  the  div¬ 
er’s  lines  and  connected  .to  *a 
standard  listening  amplifier  on  the 
deck  of  the  diving  boat. 

The  hydrophone  is  held  with  its 
axis  horizontal  and  the  main  sound 
lobe  pointed  the  way  the  diver  is 
facing.  He  is  instructed  by  his 
helmet  telephone  to  turn  himself 
about  slowly  while  the  operator  in 
the  boat  watches  the  meter  on  the 
panel  of  the  listening  receiver.  In 
this  manner,  the  orientation  of*  the 
diver  for  maximum  signal  recep¬ 
tion  is  determined  and  he  is  in¬ 
structed  to  walk  straight  ahead. 


The  orientation  process  can  be 
repeated  if  either  the  diver  or  the  • 
operator  suspects  a  deviation,  or  if 
the  signal  drops  rapidly,  indicating 
that  the  diver  has  passed  the  tor¬ 
pedo.  This  method  has  had  start¬ 
ling  success  in  several  instances 
when  the  torpedo  has  been  found 
by  the  diver’s  stumbling  over  it 
as  he  walked  up  the  sound  beam. 

The  acoustic  locating  system 
described,  or  similar  systems,  ef¬ 
fected  an  enormous  saving  for  the 
Navy  in  locating  lost  torpedos.  The 
boat-equipped  system  has  accounted 
for  the  recovery  of  over  250  electric 
torpedoes,  and  over  175  steam  tor¬ 
pedoes.  The  same  amplifier  used 
with  a  diver’s  hydrophone  ac¬ 
counted  for  over  60  additional 
electric  torpedoes,  and  over  95  ad¬ 
ditional  steam  torpedoes.  These 
recoveries  represented  a  saving  to 
the  Government  of  over  $4,000,000. 
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FIG.  6 — Heterodyne  circuit  used  ior  receiTing  24.5-kiloc7cie  eignoi  from  the  i 
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Complm  Tacuum-tub*  ToItiii»t*r  timplUiM  study  of  phaso  and  angle  of  Toltagos  in  audio-froguoncy  drculti 


In  a  similar  manner,  if  the  refer¬ 
ence  voltage  is  advanced  in  phase 
by  exactly  90  degrees,  then  the  in¬ 
dication  of  the  instrument  will  be 
the  imaginary  component  of  the 
unknown  with  respect  to  the  origi¬ 
nal  reference  axis. 

The  block  diagram  of  a  system 
which  will  perform  as  indicated  by 
the  preceding  is  shown  in  Fig.  1. 
The  reference  voltage  e,  is  fed  into 


Anglo  and  omplltudo  of  Toltagos  acroM 
sections  of  an  artificial  transmission  lino 
can  bo  quickly  dotorminod  using  tho 
complox  Toltmotor 


an  amplifier  to  make  the  resultant 
amplitude  large  in  comparison  to 
The  amplified  reference  is  ai>- 
plied  to  a  phase-shift  circuit  w*hich 
allows  the  output  voltage  to  be 
either  in  phase,  or  in  leading  quad¬ 
rature  with  respect  to  e„  thus  pro¬ 
viding  for  measurement  of  both  e, 
and  Bj.  Output  of  the  phase-shift 
network  is  applied  to  rectifier 
No.  1,  producing  at  its  output  ter¬ 
minals  a  d-c  voltage  proportional 
to  the  magnitude  of  the  amplified 
reference. 

The  unknown  voltage  is  applied 
(through  a  cathode  follower)  in 
series  with  the  output  of  the  phase- 
shift  network  to  the  input  of  recti¬ 
fier  No.  2.  At  the  output  of  this  rec¬ 
tifier  there  appears,  therefore,  a  d-c 
voltage  proportional  to  the  vector 
sum  of  the  unknown  and  the  ampli¬ 
fied  reference.  The  outputs  of  the 
two  rectifiers  are  connected  in 
series  opposition  to  a  d-c  vacuum- 
tube  voltmeter  which  therefore 


measures  the  voltage  component  de¬ 
sired.  Multiple  range  can  be  ob¬ 
tained  through  a  voltage  divider  in 
the  c,  input  circuit. 

InhercHt  Error 

If  the  reference  voltage  has  an 
amplitude  of  50  volts  and  the  am¬ 
plitude  of  the  unknown  is  limited  to 
a  maximum  of  one  volt,  then  the  in¬ 
herent  error  of  this  method  for 
various  assumed  phase  angles  can 
be  determined  as  follows 

e,  -  50+i0 

e,  =-  e,  -f  i«j  where  (e,*  -H  =■  1.0 

If  we  let  Br  have  the  values  given 
in  the  Table  I,  the  true  value  of  Bf 
can  be  computed  from 
-  [(1.0)*  -  «,*]*/* 

The  magnitude  of  the  vector  sum 
will  be 

le,!  -  Her  4-  50)*  4- 

Therefore  the  measured  values  of 
Br  and  B,  will  be 
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Measuring 

Complex  Components 

Real  and  imaginary  components  of  unknown  voltage  are  directly  indicated  in  sign  and 
magnitude  relative  to  reference  voltage  by  audio-frequency  vacuum-tube  voltmeter. 
Instrument  simplifies  measurements  on  amplifiers  and  filters.  Operation  is  described 
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FIG.  1 — ^Block  diagram  of  meter  ior  indicating  real  and  imaginary  components  of  a  complex  voltage 


The  instrument  discussed  in 
this  paper  is  a  vacuum-tube 
voltmeter  that  indicates  directly 
the  real  and  imaginary  components 
of  an  unknown  voltage,  in  terms  of 
a  reference  voltage.  The  voltmeter 
has  full-scale  ranges  of  1,  5,  10,  and 
50  volts  and  the  frequency  range 
extends  throughout  the  audio 
spectrum,  20  to  20,000  cycles  per 
second. 

There  has  long  been  a  need,  par¬ 
ticularly  in  the  field  of  communica¬ 
tions,  for  an  instrument  that  would 
measure  unknown  alternating  volt¬ 
age  in  terms  of  its  real  and  imagi¬ 
nary  components,  with  respect  to  a 
second  voltage  used  as  reference. 
This  need  is  especially  true  in 
measurements  on  filters,  attenuat¬ 
ors,  and  amplifiers  where  a  knowl¬ 
edge  of  phase  shift  may  be  impor¬ 
tant.  The  instrument  will  perform 
such  measurement  at  any  frequency 
within  the  audio  range.  Its  opera¬ 
tion  is  based  upon  the  well  known 


fact  that  the  magnitude  of  the  vec¬ 
tor  sum  of  a  large  voltage  and  a 
small  voltage  is  very  nearly  equal 
to  the  sum  of  the  large  voltage  and 
the  in-phase  component  of  the  small 
voltage. 

Basle  Method 

Let  e,  be  a  voltage  of  large  mag¬ 
nitude  used  as  reference.  Let  e, 
and  6)  be  the  magnitudes  of  the 
real  and  imaginary  components  of 
the  unknown  voltage  If  we  put 
e,  on  the  real  axis,  then  the  vector 
sum  e,  of  the  two  voltages  will  be 

=•  e,  -f  «, 
et  =  e,  +  e,  +  je^ 

The  magnitude  of  e,  is 
le.l  =  l(e.  -t-  e.)*  -t- 

If  e,  is  sufficiently  large  in  compari¬ 
son  to  €},  then  (€,)*  becomes  negli¬ 
gible  with  respect  to  (c,  -f-  e,)*  and 
the  magnitude  of  e,  is  approxi¬ 
mately 


_ _ _ \l _ 

A 

)  i 

;  < 
UNKNOWN  ^ 
VOLT^ 

_ I 

— D-CTOVTVM— 

r  AMPLIFtR 
REFERENCE 

_ i. 

-L 

FIG.  2 — Roierence  and  unknown  voltages 
are  rectiiied  and  combined.  Combination  is 
eiiectively  the  algebraic  sum  oi  reference 
and  the  in-phase  component  oi  the  un¬ 
known  voltage 

|e«|  =  [(«,  +  er)*]‘^  =  e,  -|-  e. 

Therefore,  e,  is  approximately 

Cr  “  le,l  -  e. 

It  is  therefore  possible  to  meas¬ 
ure  the  real  component  of  the  un¬ 
known  with  respect  to  a  large  volt¬ 
age  used  as  reference  by  providing 
an  instrument  that  reads  the  differ¬ 
ence  between  the  magnitude  of  the 
vector  sum  of  the  unknown  and 
reference  and  the  magnitude  of  the 
reference  alone. 


triode.  The  first  section  provides 
low  output  impedance  for  working 
into  the  phase-shift  network  con¬ 
trolled  by  St  and  /?,.  This  network, 
when  properly  set,  provides  a  lead¬ 
ing  phase  shift  of  approximately 
45  degrees. 

The  second  section  of  T,  works 
into  two  phase-shift  networks,  one 
controlled  by  R»  and  St  providing  a 
lagging  phase  shift  of  approxi¬ 
mately  45  degrees  and  its  output 
providing  the  reference  for  meas- 
!  uring  c,.  The  other  network  out 
of  Tt  controlled  by  St  and  Rt  pro- 
I  vides  an  additional  shift  of  approx¬ 
imately  46'  degrees  leading  for  the 
measurement  of  The  proper 
j  reference  for  the  component  to  be 
j  measured  is  selected  by  S,  and  ap- 
I  plied  to  Tt,  the  voltage  amplifier 
which  then  works  into  the  rectifier 
system. 

In  all  three  of  the  phase-shift 
networks,  the  proper  capacitance 
depends  upon  the  frequency  only. 
Therefore  S„  St,  and  S,  are  ganged 
together  and  labelled  as  a  frequency 
control,  to  be  set  for  the  frequency 
I  range  desired.  Potentiometers  Rt 
and  Rt  are  ganged  together  and 
used  as  the  phase  control  for  the 
real  component.  The  setting  which 
gives  in-phase  reference  results  in 
the  lead  and  lag  45-degree  shifts 
mentioned  above.  After  this  con¬ 
trol  is  set,  the  control  for  measur¬ 
ing  the  imaginary  component,  R„  is 
set  for  an  additional  45  degrees. 

Potentiometer  Rt  is  simply  the 
zero  set  for  the  d-c  vacuum-tube 


FIG.  4 — Comparison  of  calculated  and 
measured  voltages  shows  utility  of  meter 
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voltmeter.  Voltage  regulator  tubes 
insure  stable  operation. 

CoRfrols  and  Method  of  Setting 

The  following  is  a  summary  of 
all  controls}: 

Range:  Ranges  of  1,  5,  10,  and  60 
volts  full  scale  plus  or  minus  are 
provided. 

Zero  Set:  With  Usb-Cal  switch  on 
Use,  reference  voltage  applied,  and 
unknown  terminals  shorted,  this 
control  is  set  for  zero  voltmeter 
indication.  With  the  switch  in  the 
Use  position,  R^^  having  a  resistance 
of  9,500  ohms  is  used  as  the  volt¬ 
meter  multiplier.  This  multiplier 
gives  the  input  to  T,  a  sensitivity 
of  two  volts.  However,  the  mi- 
crommeter  scale  has  been  altered 
to  give  a  center  zero,  and  the  needle 
is  adjusted  to  this  point  by  Rt,  the 
Zero  Set  control.  The  Zero  Set 
applies  about  one  volt  to  the  grid 
of  the  second  section  of  T,  by  this 
adjustment.  Thus  the  actual  range 
of  the  input  to  T,  is  ±1  volt. 
Reference  Amplitude:  With  Use- 
Cal  switch  on  Cal,  this  control  js 
adjusted  for  a  voltmeter  reading 
of  60  volts.  Resistor  Rt  of  0.5  meg 
gives  the  meter  a  full  scale  range 
of  100  volts,  therefore  the  adjust¬ 
ment  is  made  for  center  scale.  Be¬ 
cause  R^  has  been  previously  set  to 
give  about  one  volt  deflection,  this 
voltage  produces  negligible  deflec¬ 
tion  with  the  new  multiplier  in  the 
circuit.  The  microammeter  is  there¬ 
fore  at  its  extreme  left  or  zero- 
current  position  with  no  input 
voltage.  The  50-volt  point  is  there¬ 
fore  center  scale  which  is  marked 
zero  on  the  microammeter  face. 
Frequency:  This  control  must  be 
set  to  the  appropriate  range.  The 
ranges  provided  are  20  to  200,  200 
to  2,000,  and  2,000  to  20,000  cps. 
Real  Phase  :  With  S,  on  Real,  and 
an  external  lead  used  to  connect  the 
reference  voltage  to  both  the  refer¬ 
ence  and  the  unknown  terminals, 
this  control  is  set  for  a  maximum 
value  as  indicated  by  the  vtvm. 
Reactive  Phase:  With  S,  on  Reac, 
and  an  external  connection  as 
above,  this  control  is  set  for  zero 
value  as  indicated  by  the  vtvm. 
This  adjustment  assures  a  reading 
of  zero  for  the  imaginary  compo¬ 
nent  of  a  pure  real  unknown  and 
minimizes  the  inherent  error  of  the 
method  discussed  previously. 


Table  II — Calculated  and  meas¬ 
ured  phase  shift  of  on  R-C  circuit 


Calculated  Measured  Operating 


Values 

Values 

Frequency 

Ct 

e. 

In  cps 

0.07 

0.61 

0.10 

0.60 

200 

0.44 

1.42 

0.50 

1.45 

500 

1.39 

2.24 

1.50 

2.20 

1,000 

3.03 

2.44 

3.05 

2.40 

2,000 

4.53 

1.46 

4.60 

1.50 

5,000 

4.87 

0.78 

4.90 

0.80 

10,000 

See  Fig.  4  for  circuit  and  equation 


Although  there  may  seem  to  be 
a  large  number  of  controls  to  be 
set,  these  do  not  have  to  be  dis¬ 
turbed  after  they  are  once  set  pro¬ 
viding  the  frequency  is  not 
changed.  Therefore  in  the  analysis 
of  a  complicated  circuit  at  a  single 
frequency,  the  operation  is  very 
simple,  only  the  Real-Reac  switch 
and  the  Range  switch  being  used. 

For  example,  the  complete 
voltage  spiral  of  a  twenty-section 
artificial  telephone  line  may  be  ob¬ 
tained  in  about  15  minutes.  On  the 
other  hand,  if  the  frequency  re¬ 
sponse  characteristic  of  a  network 
is  desired,  in  general  all  of  the 
above  controls  need  to  be  reset  at 
each  new  frequency.  While  this 
resetting  slows  down  the  procedure, 
the  method  is  faster  than  others. 

The  agreement  between  meas¬ 
ured  and  calculated  results  for  the 
voltage  across  the  resistance  in  a 
simple  R-C  circuit,  as  a  function  of 
frequency,  is  given  by  tabulated 
values  in  Table  II  and  the  curve 
in  Fig.  4.  Input  voltage  was  main¬ 
tained  at  five  volts  and  was  used  as 
the  reference. 

The  instrument  described  has 
been  in  service  for  a  considerable 
period  and  has  proved  itself  to  be 
stable  in  operation  and  reliable  in 
indication.  It  represents  what  is 
believed  to  be  the  first  instrument 
that  reads  directly  the  complex 
value  of  a  voltage  in  the  rectangu¬ 
lar  coordinate  system  and  estab¬ 
lishing  polarities  of  the  real  and 
imaginary  components  as  well  as 
their  magnitudes.  Its  limitations 
are  similar  to  those  for  any  elec¬ 
tronic  measuring  instrument, 
namely  that  controls  must  be  set 
with  care  and  voltages  under  meas¬ 
urement  must  be  of  good  sinusoidal 
waveform  and  reasonably  good  fre¬ 
quency  stability. 
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Tcdble  I — Comparison  of  true  and 
measured  values  of  voltage 


Value  of  either  the  real  the  imaginary 

components 


True 

Measured 

True 

Measured 

0.00 

0.01 

0.60 

0.61 

0.10 

0.11 

0.70 

0.70 

0.20 

0.21 

0.80 

0.80 

0.30 

0.31 

0.90 

0.90 

0.40 

0.41 

1.00 

1.00 

0.50 

0.51 

Measured  values  are  tabulated  to  two 
decimal  places  to  correspond  with  the 
fvecision  of  indicating  instrument  used 
in  actual  circuit. 


-  [(e,  +  50)*  +  -  50 

e,  -  [e,*  +  (50  +  e,)*]*/*  -  50 

Obviously  the  error  in  the  meas¬ 
urement  of  either  component  will 
be  the  same  for  the  same  compon¬ 
ent  value.  As  Table  I  shows,  inher¬ 
ent  error  due  to  the  method  of 
measurement  is  not  serious  because 
the  maximum  error  of  0.01  volts  is 
only  t)ne  percent  of  full  scale.  Fur¬ 
thermore,  it  is  possible  to  reduce 
this  error  in  the  actual  operation 
of  the  instrument  as  will  be  ex¬ 
plained  later. 

Rectifier  Circeits 

Because  the  method  of  operation 
of  this  instrument  is  based  upon 
the  measurement  of  a  small  voltage 
difference  between  two  large  volt¬ 
ages,  it  is  apparent  that  the  two 
rectifier  circuits  must  have  charac¬ 
teristics  as  nearly  identical  as  pos¬ 
sible.  This  condition  is  not  difficult 
to  satisfy  as  each  rectifier  is  oper¬ 
ating  linearly  because  the  applied 
a-c  voltages  are  large.  In  addition, 
although  the  voltage  applied  to  rec¬ 
tifier  No.  2  is  a  variable,  depending 
upon  e„  the  variation  is  never 
greater  than  two  percent  under  all 
conditions.  Because  both  rectifiers 
operate  linearly,  a  simple  zero  set 
control  can  be  provided  in  the  d-c 
vacuum-tube  voltmeter  circuit  to 
take  care  of  slight  unbalance  of  the 
rectifier  circuits  which  may  develop 
as  the  frequency  is  varied. 

It  is  evident  from  the  foregoing 
that  the  heart  of  the  instrument  is 
the  rectifier  system.  The  circuit 
diagram  of  Fig.  2  satisfies  all  of  the 
requirements.  In  this  circuit  the 
amplified  -reference  is  rectified  by 
Ti  acting  as  a  linear  peak  diode,  the 


resulting  d-c  voltage  appearing 
across  Ry  with  the  polarity  indi¬ 
cated.  The  vector  sum  of  the  un¬ 
known  and  amplified  reference  is 
applied  to  T,  also  acting  as  a  linear 
peak  diode,  the  resulting  d-c  volt¬ 
age  appearing  across  R».  The  differ¬ 
ence  of  these  two  d-c  voltages  then 
appears  across  C,  as  is  evident  from 
the  above  connections.  Diodes  Ti 
and  T,  may  conveniently  be  a  dual 
diode,  both  diodes  included  in  the 
same  envelope.  This  circuit  has  the 
advantage  over^other  ^possible  solu¬ 
tions  in  that,' both  “signal  sources 
and  the  vtvm'have  a  common  low 
potential  or  ground  side. 

Phase  Shift  Networks 

From  the  description  of  the 
method  given,  it  is  apparent  that 
if  the  reference  is  a  source  of  low 
voltage,  it  must  be  amplified  before 
being  applied  to  the  rectifier  sys¬ 
tem.  Furthermore,  for  the  meas¬ 
urement  of  Cr,  the  amplified  refer¬ 
ence  must  be  exactly  in  phase  with 
e,  and  for  the  measurement  of  e, 
the  amplified  reference  must  be 
exactly  90  degrees  leading  with 
respect  to  e,.  Because  some  phase 
shift  within  the  amplifier  is  in¬ 
evitable  over  an  extended  frequency 
range,  two  phase-shift  controls  are 
necessary.  One  is  provided  to  se¬ 
cure  the  in-phase  reference,  the 
other  for  the  90-degree  reference. 

The  reference  is  first  shifted  ap¬ 
proximately  45  degrees  in  a  leading 
direction  by  a  resistance-capaci¬ 
tance  circuit.  The  phase  control 


for  the  measurement  of  e,  consists 
of  a  resistance-capacitance  network 
to  shift  the  phase  in  a  lagging  di¬ 
rection  so  that  the  net  phase*  shift 
is  zero.  The  phase  control  for  the 
measurement  of  e,  consists  of  an¬ 
other  resistance-capacitance  net¬ 
work  tq  shift  the  phase  an  addi¬ 
tional  amount  over  the  original  45 
degrees  so  that  the  net  phase  shift 
is  90  degrees. 

Compiate  Circaif 

The  diagram  of  the  instrument 
is  shown  in  Fig.  3.  Tube  Ti  is  a 
double  triode,  each  section  being 
used  as  a  cathode  follower.  The 
first  section  provides  a  means  of 
changing  the  voltage  range  by  the 
voltage  divider  in  the  cathode  cir¬ 
cuit.  Range  is  selected  by  Si.  The 
second  section  provides  a  divided 
ouj:put  voltage  at  constant  im- 
‘pedance  for  introduction  into  the 
rectifier  system. 

Tube  Tt  is  the  double  rectifier 
which  works  into  the  d-c  vacuum 
tube  voltmeter,  T,.  The  latter  has 
a  range  of  plus  or  minus  one  volt, 
center  zero.  The  switch  St  provides 
a  means  of  opening  one  rectifier 
circuit  in  order  to  set  the  magni¬ 
tude  of  the  amplified  reference 
voltage  at  50  volts,  allowing  it  to 
be  read  by  the  same  vtvm  because 
St  also  changes  vtvm  range  from 
one  volt  to  100  volts.  The  magnitude 
of  the  reference  is  controlled  by 
Ri. 

The  reference  is  applied  to  the 
first  section  of  Ts,  another  double 


FIG.  3 — Complete  circuit  diagram  oi  the  complex  Toltmeter  indicates  use  of  cathode 
followers  to  feed  Tacuum  tube  voltmeter 
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Radar  Specifications 


Because  of  an  interest  expressed  by  numerous 
readers,  Electronics  publishes  the  following 
table  of  radar  technical  specifications  as  an  addendum 
to  the  data  appearing  in  the  November  1945  issue. 

A  Presidential  directive,  issued  since  compilation  of 
this  information,  makes  the  Office  of  Technical  Serv¬ 
ices,  Department  of  Commerce,  Washington  25,  D.  C., 
the  official  source  for  all  information  relating  to  de¬ 
classified  Army  and  Navy  manuals.  As  the  tremendous 


task  of  listing  and  numbering  OSRD,  Radiation  Lab¬ 
oratory,  Service,  Intelligence  and  other  reports  goes 
forward,  the  titles,  identifying  numbers  and  brief 
summaries  are  published  in  weekly  issues  of  a  run¬ 
ning  bibliography.  Subscriptions  to  this  publication 
are  sold  by  the  Superintendent  of  Documents,  Govern¬ 
ment  Printing  Office,  Washington  25,  D.  C.,  at  an 
initial  yearly  charge  of  $10.  The  reports  are  available 
on  microfilm  or  in  photostat  form. 


TECHNICAL  DETAILS  OF  RADAR  SETS  RECENTLY  DECLASSIFIED  RY  THE  ARMY  AIR  FORCES  AND  SIGNAL  CORPS 
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bambsiykt 
ayaiymaat 

C-taba  thaws 
aaly  taryatt 
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tattiny 
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tian  at  10  and 

100  milM 

Oaacaa  raayM 

at  35  aad  100 
ml  Its 

PPI  sbawt  traa 
yranad  raaya 
iastaad  af  slaal 
raaya.  Camyvtat 
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raaytaMrkar 

I  t.  ^  •!  PfM 


132 


February,  1947  —  ELECTRONICS 


IS  THE  STANDARD 

Mf6.  COlPOIATIONf  2335  W.  Von  Ivtm  St,  Chkogo  12,  It,  ?glddlyy  W  IMiwtCarr  fmsHmr  Ctrp^  Cmabrtd§9  42,  /Ihu*. 


MINIATURE 


N0.2S59 


No.  56A12S33 


No.  56B12534 


No.  56B12S35 


No.  2541 


No.  2543 


Unch  laminated  miniature  sockets  exten¬ 
sively  and  constantly  serve  communication 
requirements;  radio  sets,  auto  and  home,  tele¬ 
vision  . . .  Cinch  the  complete  line,  the  standard 
socket.  The  sockets  shqwn  illustrate  the  large 
possible  variety;  center  shield,  shield  plus 
ground  strap,  shock  proof  spring*,  finder  ring 
eliminated  and  replaced  with  two  full  top 
plates,  and  double  bottom  plate  construction; 
the  variation  extended  with  tropicalization  or 
wax  impregnation.  Cinch  “Know  How’*  antici¬ 
pates  the  future  needs,  adequately  serves  the 
present  requirements.  Cinch  laminated  minia-  ^ 
ture  socket  is  the  standard.  Write  for  samples.  ‘ 


I§.§  g  §  g 


DB  G  ain-Loss  Calculator 


By  LLOYD  A.  LOHR 

Yacuiim  Tube  JtrrrUipment  Section 
\afal  KcHcarch  iMboratorp 
Waiihington,  D.  C. 


IN  WORKING  with  communica¬ 
tions  equipment,  it  is  often 
desirable  to  know  the  db  gain  or 
loss  ratio  of  two  voltages,  currents, 
or  powers  with  a  minimum  amount 
of  calculation.  This  nomograph  will 
give  the  db  value  directly  for  any 
voltage,  current,  or  power  ratio  up 
to  1,000  to  1  with  only  one  setting 
of  a  straightedge,  and  the  range 
can  readily  be  extended  by  using 
multiplying  factors.  The  converse 
problem,  of  finding  a  ratio  that  will 
give  a  desired  db  gain  or  loss,  can 
just  as  readily  be  solved. 

If  Vi  and  Vt  are  known,  place  the 
straightedge  to  connect  their  values 
on  the  outer  scales  and  read  voltage 
gain  or  loss  in  db  on  the  right  side 
of  the  center  scale. 

If  Pi  and  P,  are  known,  place  the 
straightedge  to  connect  their  values 
on  the  outer  scales  and  read  voltage 
gain  or  loss  in  db  on  the  left  side  of 
the  center  scale. 

If  the  db  value  and  one  voltage 
or  power  value  are  known,  connect 
these  values  with  a  straightedge 
and  read  the  other  voltage  or  power 
value  on  the  third  scale. 

The  range  of  the  nomograph  can 
be  extended  by  applying  a  multi¬ 
plier  to  one  of  the  log  scales  and 
adding  to  the  db  scale  values  as 
follows; 


Multiplier 

Add  to 

Add  to 

for  one 

values  on 

values  on 

log  scale 

P»/P,  scale 

Vi/Vi  scale 

10 

10 

20 

100 

20 

40 

1,000 

30 

60 

10,000 

40 

80 

100,000 

50 

100 

Example:  What  is  the  db  gain 
for  a  voltage  ratio  of  100  to  5? 
From  the  nomograph,  the  db  gain 
is  approximately  26.1  db.  Checking, 
db  =  20  log  Vi/Vi  —  20  log  20  = 
26.06  db. 
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If  you’re  a  manufacturer  of  automobile  radios,  mobile  communication 
systems  or  of  any  other  equipment  using  vibrator  power  supplies,  now  is 
the  time  to  consider  the  Mallory  self-rectifying  vibrator. 

• 

Mallory  self-rectifying  vibrat(»rs  are  identical  in  size  with  the  interrupter 
type.  But — and  here’s  the  important  point — they  save  space  and  wiring, 
and  give  you  less  ct)mponents  to  worry  about. 


MALLORY  VIBRAPACK* 

Mallory  Vibrapacks  deliver  volt¬ 
ages  from  125  to  400  from  low 
voltage  sources... with  high  eflfi- 
cienev,  low  battery  drain,  ease  of 
installation,  long  life. 

U.  S.  Pat.  Off.  for  vUtrtUor 
powr  mpplirn. 


That’s  not  the  whole  story  either.  You  get  top  performance  with  Mallory 
self-rectifying  vibrators.  They  assure  high  over-all  power  supply  elliciency 
and  eliminate  the  voltage  drop  within  the  rectifier  lube  plus  the  heater  load. 

Mallory  engineers,  who  have  produced  more  than  15,000,000  vibrators, 
invite  your  vibrator  problems — w  ill  be  glad  to  give  you  specific  information 
about  the  self-rectifying  type  for  your  particular  application.  Write  for 
copies  of  the  comprehensive  vibrator  questionnaire. 


Mora  Mallory  Vibrators 
aro  in  uso  toikry  than  all 
othor  makos  combined 


MALLOR  I  VIBRATORS 
AND  VIBRATOR  POWER  SUPPLIES 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 
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TUBES  AT  WORK 


Edited  by  VIN  ZELUFF 


Guillotine  Tuner  ior  F-M. . . 
Radio  Beams  ior  Railroads 


Airborne  Television  Telemetering . 

VHF  Tronsmitter  Power  Measurements 


Guillotine  Tuner  for  F>M 

Variable  inductance  tuning  is  one  because  of  the  sliding  blade,  the 
answer  to  the  problems  arising  unit  tunes  both  f-m  bands  and  two 
from  the  transfer  of  f-m  stations  or  more  short-wave  spread  bands 
to  the  higher  frequencies.  Such  a  in  General  Electric  f-m  receivers, 
system  has  been  perfected  by  Gen-  Other  ranges  are  tuned  by  adding 
eral  Electric  engineers.  shunt  cai)acitance  and  fixed  series 

Two  identical  silver-plated  brass  inductance  to  the  guillotine  circuit, 
frames  are  used  which,  when  con-  With  the  guillotine  tuner  it  is  pos- 
nected  at  their  open  ends,  form  a  sible  to  localize  each  tank  circuit 
two-tum  inductance.  Tuning  is  within  a  small  area  and  to  keep  r-f 
done  by  movement  of  a  silver-plated  chassis  currents  at  a  minimum, 
brass  blade  between  the  turns.  The  Since  the  blade  of  the  guillotine  is 
inductance  of  each  turn  is  reduced  ungrounded,  sliding  contacts  and 
as  is  the  mutual  inductance  between  pigtails  are  eliminated.  Little  trou- 
them.  Slots  in  the  blade  provide  a  ble  is  had  from  regeneration  or 
means  of  tracking  the  oscillator  and  alignment  difficulty, 
r-f  circuits.  Production  assembly  and  testing 

Because  the  tuner  is  entirely  tool*  of  the  tuners  at  the  factory  will  be 
made,  precise  production  control  localized  in  a  department  set  apart 
of  tracking  is  possible  without  from  the  main  chassis  production 
high  labor  content  in  the  cost  of  line.  Tuners  will  be  assembled, 
manufacture.  Both  terminals  of  tested  and  then  transported  to  the 
the  tuner  project  through  the  re-  chassis  assembly  lines  in  much  the 
ceiver  chassis  to  provide  a  rugged  same  manner  as  engines  are  han- 
tie  point  for  soldered  connections,  died  in  an  automobile  assembly 
Nicknamed  the  “guillotine”  tuner  plant.  Only  two  types  of  front- 


A  two-turn  inductcmco  is  fonnsd  by  tbs 
two  iramos  A.  ond  tuning  is  dons  by  tbs 
guillotino  blade  B,  sliding  in  the  grooves 
of  two  supports,  both  sides  oi  which  show 
at  C.  These  support  posts  ore  held  to  the 
chassis  by  the  clamp  D 


end  assemblies  are  used  to  tiine 
eleven  different  models  of  General 
Eleetric  f-m  receivers. 

The  complete  tuner  is  enclosed  in 
a  metal  box  for  shielding,  and  for 
mechanical  protection  and  dust 
proofing.  Microphonic  howl  when 
receiving  short-wave  stations  is 
said  to  be  completely  absent. 

In  the  receiver,  a  loop  is  used 
on  all  a-m  bands  but  power  line 
pick-up  is  used  for  local  f-m  recep¬ 
tion.  Terminals  permit  outdoor 
antennas  to  be  used. 


Radio  Beams  for  Railroads 

Beamed  radio,  wire,  and  cable  cir¬ 
cuits  normally  employed  in  carry¬ 
ing  commercial  messages  may  be 
utilized  in  emergencies  to  transmit 
electrical  impulses  to  control  rail¬ 
road  switches  and  signals. 

In  a  recent  test  conducted  at  a 
signal  control  tower  at  Red  Bank, 
Pa.,  the  Pennsylvania  Railroad  em¬ 
ployed  a  special  linking  of  ex¬ 
isting  wire,  cable,  and  beamed  ra¬ 
dio  circuits  extending  from  the 
control  tower  to  Pittsburgh,  Wash¬ 
ington,  D.  C.,  Philadelphia,  New 
York,  and  back  to  Pittsburgh  and 
the  tower. 

Normally  a  centralized  traffic 
control  machine  in  Brady  tower 
near  Redbank  controls  the  signal¬ 
ing  between  Red  Bank  and  Oil  City, 
(53  miles  away),  by  the  transmis¬ 
sion  of  d-c  pulses.  These  are  ar¬ 
ranged  to  have  distinctive  character 
for  selecting  the  desired  stations, 
switches,  and  signals  over  a  pair  of 
line  wires  extending  throughout 


Front  ond  of  o  Gonoral  Eloctric  rocoivor  contcdning  tho  guillotine  tuner 
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HUNDREDS  OF  CONTROL 
PROBLEMS  SOLVED  WITH 

STEPPING  RELAYS 


GUARDIAN  SERIES  R 


I  Continuous  Rotation 

in  this  type  the  contact  finger  advances  one 
step  each  time  the  circuit  is  made  and 
broken.  Weight  approximately  20V^  ozs. 


Design  engineers  ore  discovering  new,  efficienf,  money-saving  oppiico- 
tiens  doily  for  Guardian  basic-type  Stepping  Relays.  Typical  applications 
include  Automatic  Sequence  selection  of  circuits;  Automatic  Sequence 
cress  connection  of  circuits;  circuit  control  of  Automatic  Business 
Machines;  control  of  Production  Totalizing  and  Conveyor  equipment; 
remote  selection  of  records  on  Coin  Operated  Phonographs;  Automatic 
Circuit  Selection  controlled  from  a  pulsing  dial;  Automatic  Wave  Changing 
on  short  wave  transmitters.  This  Guardian  Stepping  Relay  is  furnished  for 
three  basic  types  of  A.C.  and  O.C.  operation:  Continuous  Rotation — Electri¬ 
cal  Reset— Add  and  Subtract.  On  each  of  these  types  the  contact  finger 
rotates  in  a  counter-clockwise  direction  and  all  three  types  are  designed 
to  follow  10  pulses  per  second  within  the  rated  voltage  range  of  the  relay. 
Special  construction  prohibits  skipping  or  improper  indexing  of  the  rcrtchet. 
Guardian  Steppers  may  be  furnished  as  separate  units;  in  combination 
with  relays,  contact  switches,  solenoids,  etc.,  completely  assembled  and 
wired  to  terminals;  mounted  on  special  bases  or  in  enclosures.  Any 
tfandard  Guardian  Stepping  Relay  can  be  modifled  to  meet  practically 
oil  “special"  stepper  control  applications  where  quantities  warrant 
special  designing.  For  complete  details  write  for  Bulletin  SR. 


L  Electrical  Reset 

Resets  when  a  second  coil  is  energized. 
Weight  approximately  23  ounces. 

3  Add  and  Subtract 

Steps  back  one  or  more  contacts  at  a  time 
instead  of  resetting  completely.  Weight  ap¬ 
proximately  28 Vz  ounces. 

TYPICAL  GUARDIAN  UNITS 
AVAILABLE  IN  COMBINATION 
WITH  GUARDIAN  STEPPERS 


GUARDIANWELECTRIC 


Series  l-A  Solenoid 
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quencies  (two  carrier  frequencies, 
12.3  and  25.4  kilocycles,  are  trans¬ 
mitted  in  opposite  directions  on  the 
one  line  pair  at  the  same  time  be¬ 
tween  Brady  and  Pittsburgh). 
After  the  25.4-kilocycle  pulses  are 
amplified,  they  are  fed  through 
auxiliary  apparatus  which  converts 
them  to  d-c  pulses  and  places  them 
on  the  code  line  extending  to  the 
switch  and  signal  locations. 

After  a  switch  and  signal  re¬ 
spond  to  the  control  code,  the  cir¬ 
cuits  start  an  indication  signal  back 
to  the  control  point  to  show  what 
has  transpired.  This  travels  back 
over  the  same  types  of  circuits. 

The  demonstration  suggests  the 
immediate  possibility  of  use  of 
radio  as  a  standby  communication 
channel  to  insure  continuity  of 
centralized  traffic  control  operation 
in  cases  of  line  failure  because  of 
flood,  hurricane,  or  storm,  because 
there  would  be  less  possibility  of 
interruption  than  with  pole-carried 
line  wires. 


in  each  direction  simultaneously  on 
a  single  pair  of  line  wires.  This 
would  permit  144  telegraph  oper¬ 
ators  to  send  messages  simultan¬ 
eously  in  one  direction  and  a  simi¬ 
lar  number  in  the  opposite  direc¬ 
tion.  In  the  demonstration,  one 
multiplex  telegraph  channel  was 
utilized  for  the  transmission  of  the 
pulses  while  at  the  same  time  there 
may  have  been  140  telegraph  mes¬ 
sages  on  the  same  pair  of  wires 
traveling  in  the  same  direction.  Re¬ 
peater  stations  are  placed  along 
the  line  at  intervals  of  about  150 
miles. 

Microwave  Link 

At  Philadelphia,  the  control 
pulses  modulated  a  microwave 
transmitter  and  were  beamed 
toward  New  York  City  over  the 
Western  Union  relay  system  using 
two  intermediate  repeater  stations 
between  Philadelphia  and  New.  York 
(Electronics,  Dec.  1945,  p  300). 

The  radio  beam  can  handle  256 
multiplex  telegraph  circuits  so  1,- 
024  operators  could  transmit  tele¬ 
grams  simultaneously  in  one  direc¬ 
tion.  The  control  code  would  re¬ 
quire  the  equivalent  of  only  one 
telegraph  channel  so  that  1,020  tele¬ 
graph  iriessages  could  be  on  the 
beam  at  the  same  time  that  a  con¬ 
trol  code  was  being  transmitted. 
The  frequencies  used  between  Phil¬ 
adelphia  and  New  York  are  3,970 
and  4,120  megacycles. 

The  beamed  pulses  terminate  at 
the  Western  Union  building  in  New 
York.  There  the  pulses  are  shifted 
to  a  carrier  transmitted  over  West¬ 
ern  Union  lines  from  New  York  to 
Pittsburgh. 

At  Pittsburgh,  Western  Union 
receiving  equipment  operated  Un¬ 
ion  Switch  and  Signal  Company 
carrier  equipment  to  send  coded 
25.4-kc  pulses  on  to  a  field  carrier 
location  at  Brady  tower.  Here  a 
sharply  tuned  25.4-kc  receiving  fil¬ 
ter  discriminates  against  other  fre- 


Some  oi  the  electronic  equipment  installed 
at  Brady  tower  by  Union  Switch  and  Sig¬ 
nal  ior  the  test 

the  controlled  territory  from  the 
tower^  The  operator  controls  trains 
while  watching  lights  on  a  diagram. 

The  switches  and  signals  have 
corresponding  levers  on  the  control 
machine  which  are  positioned  as 
desired.  Operation  of  a  code-start¬ 
ing  button  gives  the  pulses  of  long 
and  short  duration » predetermined 
sequence  to  select  the  correct  sta¬ 
tion  along  the  railroad  and  to  oper¬ 
ate  functional  relays  at  this  loca¬ 
tion.  In  the  test  demonstration 
these  pulses  were  converted  to  ^car¬ 
rier  current  pulses  which  were 
transmitted  over  a  PRR  telephone 
line  from  Brady  tower  to  Pitts¬ 
burgh  using  a  frequency  of  12.3  kc. 

The  control  pulses  were  delivered 
to  the  Western  Union  office  in  Pitts¬ 
burgh,  then  transmitted  over 
Western  Union  carrier-telegraph 
circuits  to  Philadelphia  by  way  of 
Washington.  This  carrier  fre¬ 
quency  system  has  all  carrier  fre¬ 
quencies  below  30  kc,  and  as  many 
as  36  independent  multiplex  tele¬ 
graph  messages  can  be  transmitted 


Airborne  Television 
Telemetering 

television  telemetering  enables 
observers  at  a  ground  station  to  see 
by  television  all  instrument  record¬ 
ings  and  indicators  of  pressures, 
strains  and  structural  failures  of 
a  test  plane  in  the  air.  Thus,  the 
pilot  is  freed  from  the  necessity 
of  keeping  a  constant  check  on  his 
test  instruments,  and  can  devote 
his  full  attention  to  handling  the 
plane. 

To  supply  the  need  for  a  perma¬ 
nent  record  of  test  flights,  all  flight 
data  shown  on  the  television  re¬ 
ceiver  screen  on  the  ground  is  put 
on  movie  film.  If  serious  failures 
result  in  the  loss  of  a  plane,  these 
pictures,  being  filmed  up  to  the 
moment  of  disintegration,  can  be 
studied  to  establish  accurate 
reasons  for  the  mishap. 

The  system  as  developed  for  the 
Navy  by  engineers  of  Farnsworth 
and  Curtiss-Wright  consisted  of  a 
television  theater  and  television 
transmitter  in  the  plane  and  a 
mobile  television  receiving  unit  on 
the  ground.  This  equipment  trans- 

(Continutd  on  p  154) 


BRADY  TOWER 

(  CON  taCM.  LOCATION  ) 


BRADY TOWER  n 

(fiUO  CAORiER  LOCAt^^) 


rSilLADELPHlA 
(NEW  YORK 


f  lELD  STAnONS 


Pllj.SBURGH 


innsWRCH 


Tric^Apb  Carrier 


‘CKCvrkr  OClmt 


The  normal  65  miles  of  wire  line  used  ior  traffic  control  between  Brady  Tower  and  Oil 
City  were  spread  out  to  over  1.000  miles  oi  carrier  current  and  beamed  radio  circuits 

ior  the  communication  test 
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PACKAGED  FOR  WIRED  MUSIC 

3  new  Subscriber  Amplifiers 


140A  single  channel  a«c— d<c 
amplifier. 


124H  two  channel  amplifier 
with  selector  switch. 


124J  single  channel  line 
level  amplifier. 


Frequency  Response 


Maximum  Gain 


Gain  Control 


Source  Impedance 


Load  Impedance 


Signal  to  Noise  Ratio 


(hitput  Noise 


Output  Power 


Power  Supply 


124H 

124J 

=*=1  db  50  to  10,000  cycles. 

±  1  db  50  to  10,000  cycles. 

63  db  (line) 

101  db  (microphone) 

63  db 

Continuously  variable. 

Continuous(^’  variable. 

37)’^,  150 or  6<M)ohms(line), 
30ur250ohms  (microphone) . 

37}'2,  150  or  600  ohms. 

1  to  1,000  ohms. 

1  to  1,000  ohms. 

77  db  (line),  48  db 
(microphone). 

77db 

— 37  dbm  (line), 

— 8  dbm  (microphone). 

—37  dbm 

12  watts  2%  total  harmonic  distortion  for  nominal  load 
impe«lance.  20  watts  5%  harmonic  distortion  if  reconnected 
and  ^  estern  Electric  tubes  are  used. 

105-125  volts,  50-60 
cycle  a-c. 

1  105-125  volts,  50-60 

cycle  a-c. 

These  three  new  amplifiers  designed  hy 
Bell  Telephone  Laboratories  are  the  first 
Fiigh  quality  packaged  units  ever  made 
specifically  for  suhscriher  installations 
of  wired  music  service. 

The  124H  and  124J  are  adaptations  of 
the  same  general  type  used  so  success¬ 
fully  on  network  program  distribution 
lines  and  in  radio  stations  and  public 
address  systems.  They  differ  only  in  that 
the  124H  offers  a  microphone  channel  in 
addition  to  the  line  channel.  The  com¬ 
pletely  new  140A  a-c  —  d-c  amplifier, 
w  hich  is  the  first  ever  to  offer  the  same 
stability  with  d-c  oj>eration  as  it  does 
with  a-c,  can  probably  be  used  in  80% 
of  your  subscriber  installations. 

All  three  units  can  operate  directly  from 
telephone  lines  because  they  are  equip¬ 
ped  with  a  suitable  input  transformer. 
All  may  be  used  as  fixed  or  portable 
equipment,  and  are  suitable  for  rack  or 
cabinet  mounting. 

For  full  information,  call  your  h)cal 
representative  of  the  Graybar  Electric 
Co.,  or  write  to  Graybar,  420  l^xington 
Ave.,  New  York  17,  New  York. 


140A 


±  1  db  50  to  10,000  cycles. 


60  db 


Continuously  variable. 


150  ohms, 

600  ohms  or  bridging. 


(1  windings)  4,  8,  125, 
125  ohms. 


60  db 


— 20  dbm 


6  watts  d-c,  10  watts  a-c,  less 
than  5%  harmonic  distor¬ 
tion.  5  watts  d-c,  8  w  atts  a-c, 
less  than  2%  harmonic  dis¬ 
tortion.  4  watts  d-c,  6  watts 
a-c,  less  than  1%  harmonic 
distortion. 


Western  Electric 

—  QUALITY  COUNTS  — 
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are  fabricated  on  specially  designed, 
automatic  machines  which  produce  com- 
pletely  finished  parts  at  high  speeds. 

There  must  be  some  step  in  the  assem¬ 
bly  of  your  product  where,  by  changing 
over  to  SPEED  NUTS,  your  costs  could 
be  redifced  and  your  product  improved. 
Why  not  send  us  your  assembly  details, 
or  better  still,  send  in  the  parts  involved. 
We  will  be  glad  to  give  you  a  complete 
fastening  analysis  ...  at  no  cost. 

TINNERMAN  PRODUCTS,  INC. 

SI 06  FUL10N  aOAO  CLIVILAND  13,  OHIO 


Of  course  you  recognize  the  Standard 
SPEED  NUT  shown  above,  but  just  look 
at  the  ‘‘nightmare"  our  development 
engineers  dreamed  up,  to  provide  multiple 
fastening  and  operational  functions  in  a 
single  unit!  It  is  used  in  the  assembly  and 
mounting  of  television  transformers  (see 
sketch)  and  you  can  readily  understand 
its  advantages  over  special  mounting 
brackets  and  individual,  hard-to-handle 
threaded  nuts  and  lock  washers. 

In  addition  to  the  widely-used  standard 
types  of  SPEED  NUTS,  hundreds  more 
are  junctionally  designed  to  combine 
assembly  operations,  eliminate  unneces¬ 
sary  handling  of  parts,  speed-up  produc¬ 
tion  and  thereby  reduce  final  costs.  They 


In  Canada:  Wallac*  Barnat  Ca.,  Lid.,  HamiHon,  Onl. 
In  England:  Simmondt  Aarocactoriat,  Ltd.,  London 
In  Franco:  Aorocossoiros  Simmondt,  S.  A.,  Paris 
In  Australia:  Aorocossorios,  Pty.,  Ltd.,  Molbourno 
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Automatic  Recording  Ultroriolet  Photometer 

Electronic  Drive  for  Printing  Preeses . 

Simple  Foolproof  Production  Tester . 

Electronic  Ignition  System . 


Automatic  Recording  Ultraviolet  Photometer 


By  Irving  M.  Klotz  and  Malcolm 
Dole 

Department,  of  Chemietry,  yorth*ee»tem  Vnivereity 
Evamtton,  Illinoit 


A  RAPID  and  accurate  method  of  gas 
analysis  involving  electronic  equip¬ 
ment,  amplifiers,  photoelectric  re¬ 
corders  and  the  like  was  developed 
at  Northwestern  University  in  con¬ 
nection  with  an  OSRD  sponsored 
research. 

s 

It  became  highly  desirable  to  be 
able  to  follow  concentrations  of 
toxic  gas  in  a  moving  air  stream  in 
the  laboratory  or  at  some  particular 
point  above  ground  in  the  open  in 
order  to  study  first,  the  effective¬ 
ness  of  activated  charcoals  in  ad¬ 
sorbing  toxic  gases  and  second,  the 
effectiveness  of  chemical  warfare 
munitions  in  producing  lethal  con¬ 
centrations  when  exploded  under 
all  kinds  of  meteorological  and  geo¬ 
graphical  conditions. 

For  analysis  in  the  gaseous  state, 
the  property  of  certain  gases  to  ab¬ 
sorb  ultraviolet  light  strongly  can 
be  used  to  detect  two  or  three  parts 


per  million  of  the  gas  and  to  meas¬ 
ure  accurately  greater  concentra¬ 
tions.  In  our  apparatus  this  meas¬ 
urement  was  accomplished  by 
introducing  a  balanced  double-pho¬ 
totube  arrangement  with  null-point 
measuring  circuit.  Provision  was 
made  for  making  an  absolute  meas¬ 
urement  of  the  intensity  of  the 
ultraviolet  radiation  from  a  five- 
watt  germicidal  lamp  which  gives 
95  percent  of  its  radiation  at  2537 A. 
Operating  from  110- volt  a-c,  a 
portable  alternator  was  used  in  the 
field  as  a  power  supply.  The  instru¬ 
ment  can  be  operated  on  d-c  by  mak¬ 
ing  a  few  simple  modifications. 

The  principle  of  operation  of  the 
instrument,  whose  electrical  circuit 
is  illustrated  in  Fig.  1,  is  to  bal¬ 
ance  by  means  of-  camera  dia¬ 
phragms  the  light  being  received  by 
the  two  phototubes  Pi  and  P,  until 
the  emf  drop  across  the  resistance 


FIG.  1 — ^Wiring  diaqiam  of  tho  ultroriolot  photomotor 


Pi  is  zero,  and  then  allow  the  air 
containing  the  toxic  gas  to  flow 
through  an  absorption  cell.  Ab¬ 
sorption  of  some  of  the  ultraviolet 
light  by  the  toxic  gas  upsets  the 
balance  producing  an  emf  drop 
across  Pi  .which  could  be  measured. 
Calibration  of  the  instrument  with 


FIG.  2 — ^ProfoMor  Klots  (left)  and  Piofeaeor 
Dole  of  Northwestern  demonstrate  the 
ultroriolet  photometer  dereloped  by  them 
for  gas  analysis 

known  gas  concentrations  provided 
an  accurate  quantitative  foundation 
for  the  work. 

A  completely  assembled  instru¬ 
ment  with  a  General  Electric  photo¬ 
electric  recording  microammeter  is 
shown  in  Fig.  2. 

Applicationa 

Figure  3  illustrates  a  record  of 
the  concentration  of  chloropicrin 
gas  in  parts  per  million  as  a  func¬ 
tion  of  time  in  an  experiment  study- 


FIG.  3 — Chloropicrin  effluont  concontration 
as  dotorminsd  by  tho  ultroriolot  pho¬ 
tomotor 

(Continuad  on  p  174) 
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Now,  with  the  use  of  Du  Pont  polythene, 
it  is  possible  to  make  a  lead-in  cable,  from 
the  antenna  to  the  instrument,  that  helps 
to  assure  proper  operation  of  automobile 
radios— a  lead-in  cable  that  is  water-tight, 
has  excellent  electrical  properties,  is  eco¬ 
nomical  to  assemble,  and  gives  long  service. 

Du  Pont  polythene  has  been  successfully 
used  as  the  insulating  material  for  the 
shielded  lead-in  tubing  made  by  The  Amer¬ 
ican  Brass  Company,  Waterbury,  Conn., 
because  it  has  low  capacitance  and  is  usable 
over  a  wide  range  of  temperatures.  In  ad¬ 
dition,  Du  Pont  polythene  has  these  other 
outstanding  advantages : 

RESISTANCE  TO  MOISTURE  —  Poly¬ 
thene  has  low  moisture  permeability,  protects 


LASTING  FLEXIBILITY  — Polythene 
withstands  twisting  and  bending  over  a  wide 
range  of  temperatures. 

HIGH  —  Electrical  losses  within  a 
polythene-insulated  cable  are  negligible. 

EASE  OF  HANDLING  —  Polythene  has 
good  extrusion  qualities,  is  economical  to 
assemble. 

Your  insulating  problem  may  be  solved 
by  using  Du  Pont  polythene.  Write  us  for 
complete  information  on  this  light-weight, 
durable  insulating  material.  E.  1.  du  Pont 
de  Nemours  &  Co.  (Inc.),  Plastics  Dept. 
152,  Arlington,  N.  J. 


"tG  u  s  pat  0>> 


Du  Pent  mamifocturuf  polythun*  moMlng  powdur. 
Commurdal  uxtrudart  convprt  polythan*  into  tha  taraif  af 
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Cathode-ray  Tube  for  Displaying  Speech  Waves 

Superconductive  Radio-Frequency  Detector . 

Classroom  Demonstration  of  Cathode  Follower. . 
Calibrating  Laboratory  Stondords  Against  WWV 

Impedance  Measurements . 

Radio  Reflection  from  the  Moon . 

Microwave  Spectroscope  . 

Modulation  of  Concentroted-Arc  Lamp . 

Electronics  in  the  Food  Industry . 

Edison  Effect  . 

Variable  Electronic  Copacitor . 


Cathode-Ray  Tube  for  Displaying  Speech  Waves 

VYING  patterns  of  speech  deflects  the  beam  slightly.  The 
on  a  cathode-ray  tube  en-  electron  beam  then  passes  into  ao 
the  deaf  to-  communicate  ver-  expanded  section  of  the  tube.  A 
The  technique  is  being  stu-  strong  magnetic  field  i)erpendicular 
t  Michigan  State  Normal  Col-  to  the  tube’s  axis  deflects  the  elec- 
3  a  teaching  method  whereby  tron  beam  radially  so  that  it  strikes 
children  can  learn  to  read  the  phosphorescent  band.  There  is 
1  patterns  just  as  they  would  an  accelerating  anode  at  the  top  of 
ttted  text.  Using  the  tech-  the  tube.  The  tube  slowly  rotates  to 
the  deaf  can  enjoy  the  radio  provide  the  sweep  so  that,  to  a  sta- 
arry  on  telephone  converse-  tionary  observer,  the  pattern  ap¬ 
pears  to  move  from  right  to  left, 
speech  translator  tube  (7our  (jne  reads  against  the  motion  of 
Phys,  p  891  November  1946),  the  pattern;  that  is,  one  reads  from 
ts  of  a-  cylindrical  tube  in  left  to  right.  Both  intensity  modu- 
the  phosphorescent  material  lation  of  the  beam  and  deflection 
•osited  on  a  peripheral  band,  produced  by  currents  in  the  coil  on 
lectron  gun  at  the  bottom  of  the  neck  provide  means  for  repre- 
ube  projects  an  intensity-  senting  the  speech  wave  on  the 
ated  beam  at  the  axis  of  the  screen.  Used  in  this  way  the  rotat- 
An  external  coil  on  the  neck  ing  tube  constitutes  a  sound  spec- 


Th»  modified  cathode-ray  tube  haa  a  long- 
peraistence  phoaphor  on  a  cyliudricol 
acreen.  When  mounted  in  a  atrong  per- 
pendiculoT  magnetic  field  and  alowly  ro¬ 
tated,  the  tube  diaploya  a  continuoua  pat¬ 
tern  of  the  apeech  ware 


trograph  displaying  the  signal  as  a 
continuously  moving  pattern.  Elec¬ 
trical  connections  to  the  tube  are 
made  through  slip-rings. 

For  displaying  visible  sound 
(Jour  Aco  Soc  Am  p  1-88  July 
1946),  the  speech  wave  can  be  mod¬ 
ified  to  incorporate  the  selective  and 
nonlinear  effects  introduced  by  an 
ear.  It  is  anticipated  that  by  this 
method  the  deaf  will  not  only  be 
enabled  to  hear  with  their  eyes,  al¬ 
though  of  course  the  sensations 
they  receive  will  not  be  that  of  aud¬ 
ibly  hearing,  but  also  learn  to  talk 
and  to  interpret  the  significance  of 
sounds  not  directly  associated  with 
speech  such  as  music  and  noises. 


Superconductive  Radio-Fre¬ 
quency  Detector 

Development  of  bolometers  has 
progressed  to  the  point  where  re¬ 
sponse  times  as  fast  as  5  x  10  * 
second  are  obtained  (Jour  Opt  Soc 
Am,  p  618  September  1946).  Such 
bolometers  respond  to  infrared 
waves  intensity-modulated  at  voice 
(continued  on  p.  186) 


Profowor  Hotrrict  Gr*«n  tpealu  into  tb*  microphone.  Patterns  of  the  ’  speech  wares 
more  across  the  screen  of  ^e  speciai  rerolring  cathode-roy  tube,  the  screen  of  which  is 
at  the  left  inside  the  light  shield.  Joyce  Arnold  and  Richard  Hudson  read  the  pcrttems 
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rays.  Complete  information  and 
prices  are  available  on  request. 
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Vacumn  Leak  Detector  (4) 

Consolidated  Engineering  Corp., 
Dept.  BB,  620  N.  Lake  Ave.,  Pasa¬ 
dena  4,  Calif.  A  new  portable  leak 
detector  model  24-101  for  vacuum 


New  equipment,  components,  packaged  units, 
allied  products ;  new  tubes.  Catalogs  and  manu- 
facturers’  publications  reviewed 


Dielectric  Heater  Crystal  (1) 

North  American  Philips  Co.,  100 
East  42nd  St.,  New  York  17,  N.  Y. 
A  new  midget  quartz  crystal  oscil¬ 
lator  for  controlling  the  frequency 
of  dielectric  heating  apparatus 
measures  less  than  f  inch  in 


or  pressure  systems  that  will  locate 
and  measure  leaks  as  minute  as 
0.00000001  cubic  centimeters  per 
second  works  on  the  mass  spec¬ 
trometer  principle.  The  instrument 
operates  electronically  to  detect 
small  quantities  of  helium  intro¬ 
duced  into  suspected  areas.  The 
warning  system  contains  an  audio 
signal  that  changes  pitch  to  indi¬ 
cate  magnitude  of  the  leak.  The 
cabinet  housing  the  equipment 
measures  43x25x22  inches  and  is 
mounted  on  ball  bearing  casters. 


amplifier,  and  meter.  Batteries  re¬ 
quired  for  operation  are  self  con¬ 
tained. 


Television  Lead-In  (3) 

Anaconda  Wire  and  Cable  Co., 
25  Broadway,  New  York,  N.  Y. 
Two  types  of  ATV  two-wire  poly¬ 
ethylene  insulated  line  are  available 
for  television  and  f-m  lead-in  use, 
with  characteristic  impedances  to 
match  various  types  of  antenna  ar- 


diameter  and  is  less  than  li  inches 
long.  Frequency  coincides  with 
that  assigned  by  the  FCC  for  this 
service  and  the  unit  is  completely 
enclosed  with  soldering  terminals 
provided  for  quick  connection  to 
the  circuit. 


Flaw  Detector  (5) 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  A  new  flaw  detector  that 
continuously  detects  weak  spots 
and  conducting  paths  in  thin  mate¬ 
rials  such  as  paper,  sheet  rubber, 
plastic  material,  and  enamel  films 
has  recently  been  announced.  The 
apparatus  can  be  used  with  mate¬ 
rials  up  to  0.025  inch  thick  moving 
as  fast  as  460  feet  per  minute  and 
wire  moving  up  to  100  feet  a  min¬ 
ute.  Principle  of  operation  depends 
upon  applying  an  adjustable  voltage 
to  the  material  undergoing  test 
and  detecting  the  flow  of  current 
through  the  material  when  a  flaw 


UHF.Peak  Voltmeter  (2) 

General  Radio  Co.,  275  Massachu¬ 
setts  Ave.,  Cambridge  39,  Mass. 
The  type  1802-A  crystal  galvanom¬ 
eter  directly  measures  0.1  to  1  volt 
with  an  accuracy  of  ±:5  percent  at 
frequencies  up  to  1,000  megacycles. 
Two  multipliers  are  furnished  to 
extend  the  range  to  10  or  100 
volts.  For  the  measurement  of 
voltage  ratios,  the  frequency  limit 
can  be  pushed  well  above  1,000  meg¬ 
acycles.  Functionally,  the  instru¬ 
ment  is  a  peak-reading  device  em¬ 
ploying  a  crystal  rectifier,  d-c 


R«ad«rs  datiring  further  details 
concerning  any  item  listed  in  the  New 
Produch  department  can  obtain  the 
information  by  using  the  cards  fur¬ 
nished  es  a  stiff,  colored  insert  else¬ 
where  in  this  department. 

Place  the  number  (eppearing  to 
the  right  of  the  heading)  of  one 
item  in  which  you  are  interested  in  a 
circle  end  then  fill  out  the  balance 
of  the  card  according  to  directions 
appearing  on  the  colored  sheet. 


Pebruory,  1947  —  ELECTRONICS 


IgJpo^uUo^ 

i4i444/ie>  Leiie/i 


Oh  tUe,  GA4e4HU4f^  line.  04 
VUi^l  AlUf4UHe4>U  ^ecluu 


HIGH  FREQUENCY  VISALGBI 
Mo<hl205TS 

1.  Frequency  range  from  100  kc  to  20  nK. 

2.  Linear  frequency  sweep  deviation  adjustable 
from  0  to  900  kc  peak  to  peak. 

3.  Vernier  frequency  control  of  100  kc  allows 
zero  beat  calibration  of  main  tuning  dial  or 
for  vernier  frequency  deviation  about  main 
dial  frequency  setting. 

4.  Output  impedance  1  ohm  to  2,500  ohms. 

5.  Voltage  regulated  supply  for  intemol  os* 
cillators. 


OSCILLOSCOPE 
•  Mode/  188  IS 

1.  New  simplified  circuit  for  use  with  either  model  Visalgen. 

2.  Simplified  for  visual  alignment  work'. 

3.  Compact  design  —  light  weight.  '  ^  ' ''  • 

4.  Immediately  available,  also  available  with  either  model 
Visalgen  complete  in  one  cabinet. 


LOW  FREQUENCY  VISALGEN 
Mode/  204  75 

1.  Frequency  range  from  20  kc  to  500  kc 

2.  Linear  frequency  sweep  deviation  adjustable 
from  0  to  70  kc  peak  to  peak. 

3.  Low  pass  filter  in  the  output  to  minimize 
spurious  output  frequencies. 

4.  Output  impedance  constant  200  ohms. 

5.  Output  attenuation:  5'Step  ladder  type  — 
20  db  per  step. 


Viaalgan  Medal  205  TS  being  used  with  108  TS  escillescepe  te  align 
Harvey  Hi-Fidelity  FM  Receiver. 


Inset:  New  lew  Frequency  Visalgen  Medel  204  TS 
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regulation  of  low-current  power 
supply  voltages  up  to  8  kilovolts, 
such  as  in  pulse  amplifiers,  for 
high-impedance  measurements,  and 
in  television  equipment. 


Vacuum  Capacitor  (8) 

Raytheon  Mfg.  Co.,  Waltham, 
Mass.  The  type  RClOO-20  vacuum 
capacitor  is  the  first  in  a  new  line 
of  high-voltage,  high-current  com¬ 
ponents  designed  for  tank  circuits 
in  industrial  and  communications 
oscillators.  The  new  unit,  which 
has  a  capacitance  of  100  micromi¬ 
crofarads,  can  be  used  at  r-f  volt- 


passes.  The  equipment  can  be  set 
up  close  to  the  manufacturing  proc¬ 
ess  in  order  to  spot  variations  in 
quality  immediately. 


0.1  microsecond.  Scaling  factor  of 
the  type  YYZ-1  unit  is  either  10  or 
100,  but  units  can  be  used  in  cas¬ 
cade  to  provide  factors  of  1,000  or 
more.  Impulse  duration  and  reso¬ 
lution  times  were  incorrectly  re¬ 
ported  in  a  previous  announcement 
of  this  product. 


VHF  Receiver  (6) 

National  Co.,  Malden,*  Mass.  The 
NC-One-Ten-A  radio  receiver  has 
b^n  redesigned  as  a  result  of 
radiosonde  use  and  represents  an 
improvement  over  the  original  re¬ 
ceiver  that  tuned  the  spectrum 


Television  Receiving 
Antenna 

Workshop  Associates,  Inc.,  66 
Needham  St.,  Newton  Highlands  61, 
Mass.  Primarily  designed  for 
single-channel  operation  in  loca¬ 
tions  where  signal-to-noise  ratio  is 
low,  the  new  series  of  television  re¬ 
ceiving  antennas  aims  to  improve 
reception  only  in  poor  locations. 
There  are  separate  structures  avail¬ 
able  for  each  of  five  bands.  Price 
exclusive  of  standard  coaxial  cables 
is  $28.50  each. 


ages  up  to  20,000  and  will  carry 
rms  of  60  amperes. 

Overall  length  of  the  capacitor 
inches  and  diameter  is  2.5 
'  ,  inches. 

from  one  to.  ten  meters.  Although 
the  instrument  has  many  practical 

applications,  such  as  reception  in  Ohm’s  Law  Calculator  O) 
the  118-megacycle  aircraft  band,  it 
is  of  particular  use  to  experi¬ 
menters  and  amateurs. 


Ohmite  Mfg.  Co.,  4937  Flournoy 
St.,  Chicago,  Ill.  A  new  pocket-size 
calculator  reads  directly  in  ohms, 
volts,  amperes  and  watts.  It  will 
also  solve  parallel  resistance  and 
series  capacitance  problems,  will 


High  Mu  Triode  (7) 

National  Union  Radio  Corp.,  57 
State  St.,  Newark  2,  N.  J.  An 
amplification  factor  of  500  at  plate 
voltage  ratings  from  1  to  8  kilo¬ 
volts  is  possible  with  the  type  2C53 
tube.  At  plate  voltages  between 
250  and  400  volts,  it  is  possible  to 
obtain  single  stage  amplification 
from  250  to  300  times.  The  tube 
has  been  particularly  designed  for 


Field  Intensity  Meter  (12) 

Clarke  Instrument  Corp.,  910 
King  St.,  Silver  Spring,  Md.  The 
model  106  field  intensity  meter  for 
use  in  the  television  and  f-m  bands 
covers  the  frequency  range  50  to 
220  me.  The  instrument  is  direct 
reading  in  terms  of  microvolts  per 
meter  over  a  range  of  5  microvolts 
to  10  volts.  Selectivity  is  adequate 
for  measurements  on  adjacent  f-m 


OHMIT* 


multiply,  divide  and  find  squares 
or  square  roots.  Composition  re¬ 
sistor  color  coding  is  also  shown. 
The  calculator  measures  3x9  inches 
and  sells  for  25^. 


Decade  Counter  (1(^) 

General  Electric  Co.,  Syracuse, 
N.  Y.  A  new  decade  scaling  unit 
for  use  with  particle  detectors  will 
respond  to  impulses  of  0.05  micro- 
.second  duration  separated  by  only 
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SECTION 


Typical  wave  guide  assembly  illus-* 
trating  use  of  De  Mornay  -  Budd  com¬ 
ponents  available  from  standard  stocks. 


When  you  use  any  De  Mornay 'Budd  wave  guide 
assembly,  you  know  exactly  how  each  compo¬ 
nent  wilt  function  electrically.  You  avoid  possible 
losses  in  operating  efficiency  through  impedance 
mismatches,  or  breakdown  and  arcing  caused  by 
a  high  standing  wave  ratio.  (See  chart  below.) 

De  Mornay  Budd  wave  guides  are  manufac¬ 
tured  from  special  precision  tubing,  and  to  the 


most  stringent  mechanical  specifications.  Rigid 
inspection  and  quality  control  insure  optimum 
performance 

NOTE:  Write  for  complete  catalog  of 
De  Mornay 'Budd  Standard  Components 
and  Standard  Bench  Test  Equipment.  Be 
sure  to  have  a  copy  in  your  reference  files. 
Write  for  it  today. 


Th*  cvrv*  shows  tho  monnor 
in  which  tho  rofioctod  powor 
incroosos  with  on  incroaso  in 
tho  voHago  standing  wovo 
ratio.  Tho  curvo  is  cakalotod 
from  tho  foilowing  oquationi 


iUfrnrn-rn. 


%  fowor  Rofioctod 


Do  Memay-Bwdd,  Inc..  475  Grand 
Concourso.  Now  York  51.  N,  V. 
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channels  200  kc  apart.  A  110-volt 
power  supply  can  be  substituted  for 
the  vibrator  supply  incorporated  in 
the  equipment. 


Rectifier  Tube  ^13) 

Electrons  Incorporated,  127  Sus¬ 
sex  Ave.,  Newark  4,  N.  J.  A  new 
half-wave  xenon  gas-filled  rectifier 
type  16F  has  been  designed  for  ap¬ 
plications  in  rectifier  circuits  giv¬ 
ing  up  to  96  amperes  d-c  at  voltages 
varying  from  24  to  600.  Character¬ 
istics  include:  average  anode  cur¬ 


rent,  16  amperes;  peak  anode  cur¬ 
rent,  96  amperes;’  peak  inverse 
voltage,  620  volts ;  average  arc  drop, 
7  volts;  filament  voltage,  2.5  volts. 


Navigation  Receiver  (14) 

Radio  Corp.  of  America,  Camden, 
N.  J.  The  new  type  AVR-25  air¬ 
craft  communications  and  naviga¬ 
tion  receiver  consists  of  four  units 
— control  box,  azimuth  indicator, 

left-right  indicator,  and  receiver 
proper.  The  latter  unit  operates 
on  all  the  aircraft  vhf  channels  and 
makes  possible  the  use  of  two- 
course  visual  ranges  as  well  as  the 
omnidirectional  range. 


F-M  Broadcast  Tube  (15) 

Western  Electric  Cto.,  195  Broad¬ 
way,  New  York  7,  N.  Y.  The  type 
5541  air-cooled  transmitting  triode 
has  been  designed  particularly  for 
use  in  the  company’s  10-kw  f-m 
transmitter,  but  can  be  adapted  for 


use  in  grounded-plate,  grounded- 
grid,  or  grounded-cathode  circuits. 
Design  features  include  a  thoriated 
tungsten  filament,  low-inductance 
and  high-conductivity  leads. 


V-T  Test  Set  (16) 

Sylvania  Electric  Products,  Inc., 
500  Fifth  Ave.,  New  York  18,  N.  Y. 
The  console  unit  illustrated  in¬ 
cludes  bridge  and  auxiliary  switch 
gear  mounted  on  the  control  shelf. 


electronically  regulated  power 
channels,  bridge  signal  source, 
amplifier,  meters,  and  other  acces¬ 
sories  conveniently  located  for  tube 
tests  and  maintenance.  The  con¬ 
sole  is  55  inches  high,  70  inches 
long,  and  34  inches  deep.  It  weighs 
1,500  pounds. 


Current  Feed  Junction  (17) 

James  Knights  Co.,  Sandwich,  Ill. 
The  Impedacoupler  is  essentially  an 


insulating  block  with  ends  machined 
to  take  standard  aluminum  or  dural 
tubing  having  1-inch  outside- diam¬ 
eter.  It  is  fitted  with  an  Amphenol 
type  IR  receptacle  that  takes  a 
type  ISP  cable  connector.  The 
unit  h^  several  uses,  such  as  cen¬ 
ter  feed  point  of  a  half-wave 
doublet. 


Rugged  Speaker  Driver  (18) 

University  Loudspeakers,  Inc., 
225  "Varick  St.,  New  York  14,  N.  Y. 
A  new  loudspeaker  driver  unit 
capable  of  handling  up  to  12  watts 
of  audio  power  features  an  Alnico 
V  magnet  and  one-piece  phenolic 
diaphragm.  The  voice  coil  is  wound 
on  a  duralumin  band  for  maximum 
heat  dissipation.  Impedance  of  the 
unit  is  8  ohms  and  its  frequency 


range  covers  100  to  6,000  cycles.  It 
is  3  inches  high  with  a  diameter  of 
3i  inches. 


Zinc  Solder 


Superior  Flux  Co.,  901  Public 
Square  Bldg.,  Dept.  1,  Cleveland, 
Ohio.  Zinctite  is  a  self-reacting 
fluxless  solder  that  can  be  used  for 
soldering  copper,  brass,  steel  or 
zinc  pieces  to  zinc  or  zinc-base 
alloys.  It  comes  in  the  form  of  a 
paste  in  i,  1,  or  5  pound  jars. 


Crystal  Microphone 


Brush  Development  Co.,  3405  Per¬ 
kins  Ave.,  Cleveland  14,  Ohio.  The 
model  BA-106  microphone  is  manu- 

(Contlnuad  on  p.  212) 
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FINISHING  WASHERS 

Diamond  G  mak*«  a  full  tin*  of  hollow 
and  flush  typo  finishing  washers. 
Avoiloblo  in  oil  finishes  and  types  of 
metals. 


SPECIAL  WASHERS  AND 
STAMPINGS 

A  complete  range  of  sizes  ore  avail¬ 
able  in  Diomond  G  special  "C”  wash¬ 
ers.  Unusual  stampings  of  all  kinds 
produced  in  Garrett’s  modern  stamp¬ 
ing  plant  which  turns  out  millions  of 
stampings. 


'•CW' 


Whertever  your  need  in  '  yrashers,  snop  | 
and  '^o.  Olamond  G  « 

you  in  every  vray  indosiry  i» 

fSRMTT  COlUrkN^'  me- 


SPRING  STAMPINGS 

Garrett’s  modern  facilities  for  stamp¬ 
ing  and  precision  heat  treating  make 
if  possible  td  produce  spring  stamp¬ 
ings  of  the  highest  quality.  Producing 
special  spring  stampings  to  exact 
specifications  in  an  omazingly  short 
|>eried  of  time  is  a  specialty  of 
Garrett’s. 


SPRING  WASHERS 

Diomond  G  has  built  an  outstanding 
reputation  for  producing  a  wide  vari¬ 
ety  of  spring  washers.  They  offer 
manufacturers  an  excellent  source  of 
supply  for  special  shaped,  curved, 
dished  and  cupped  spring  washers. 


'^k-i 


FLAT  WASHERS 

Outstanding  in  the  Diamond  G  itnO; 
of  products  ore  the  many  flat  washers 
made  by  Gorrett’s.  H  offers  industry  a 
quick  and  dependable  source  of  a 
complete  line  of  (lot  washers  includ¬ 
ing  SAE,  machine-screw,  and  air¬ 
craft  washers  in  all  sizes,  thickness, 
metals  and  finishes.  Garrett’s  also 
produce  a  complete  line  of  snap, 
space  and  retainer  rings  for  oil  types'’ 
of  industrial  installations. 


/ 


DIAMOND 

lock  washers  •  .  ELAT  WASHERS  •  •  STAMPINGS 


HOSE  CLAMPS 

Oorrett’s  line  of  hose  clamps  includes 
both  types  to  provide  the  monufoc- 
turer  with  the  answer  to  his  problems. 
The  Diamond  G  Multi-Clamp  is  the 
ideal  clomp  of  a  thousand  uses 
which  can  be  used  on  automotive,  | 
hydraulic,  pneumatic,  electronic  ond 
avioHon  instollotions.  The  Diamond 
G  Auto-Seal  Clamp  is  truly  the  all¬ 
purpose  economy  clomp  for  every  in¬ 
dustrial  use  ...  is  rugged  and  pro¬ 
vides  a  tight  seal  on  every  }oint. 


SPRINGS 


VERSATII/ITYm^  1 

Design  -  Development  -  Production 
of  LF,  HF  and  UHF  Equipment 


rot  £xamaie... 

THE  ELBCTB0MT06BAPH 

A  Lavoitt  test  instrument  designed 
for  the  Medical  profession.  Ampli* 
fies  minute  potentials  of  the  order 
of  microTolts  generated  by 
muscles*— to  the  extent  that  these 
potentials  may  be  measured  and 
analysed.  Includes  calibration 
circuits  to  facilitate  the  taking  of 
accurate  data. 


LAVOIE  LABORATORIES  are  well  prepared  with 

trained  personnel  and  special  equipment  to  handle  every  phase 
of  design,  develpment  and  manufacture  of  LF,  HF  and  UHF  equip¬ 
ment.  As  SPECIALISTS,  you  are  assured  of  precision  work  based 
on  correct  methods  and  technique  developed  through  years  of 
psactical  experience. 


FREQUENCY  STANDARDS  •  FREQUENCY  METERS  •  RECEIYERS 
TRANSMITTERS  •  ANTENNAS  and  MOUNTS 

X— N  Detailed  information  and  estimates  of  LAVOIE  service 
are  available  promptly  without  cost  or  obligation* 

O 

RADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVILLE,  N.  J. 

1  Specialists  in  the  Development  and  Manufacture  of  LF  and  HF  Equipment  | 

# 
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NEWS  OF  THE  INDUSTRY 

Edited  by  JOHN  MARKUS 

Worldwide  status  of  television;  production 
figures;  new  synchro-cyclotron;  three-tube 
receivers  for  India;  important  meetings 

Television  Equipment  Maintenance  Course 


A  COURSE  in  Operation  and  Main¬ 
tenance  of  Television  Equipment  is 
being  offered  for  the  first  time  by 
New  York  University,  with  classes 
being  held  Friday  evenings  at  the 
DuMont  television  studios  under 
the  supervision  of  S.  R.  Patremio, 
chief  engineer  of  DuMont’s  tele¬ 
vision  station  WARD,  Fee  is  $50 
for  15  sessions. 

Prerequisite  is  satisfactory  com- 
plq^ion  of  two  Other  NYU  evening 
courses,  in  Television  Circuits 
(Friday  evenings  for  15  weeks 
starting  Feb.  7)  and  Ultrahigh- 
Frequency  Television  Circuits 
(Wednesday  evenings  for  15  weeks 
starting  Feb.  fi).  There  are  no 
academic  requirements,  however, 
for  these  noncredit  courses.  Other 
evening  courses  offered  in  the 


Spring  term  cover  Elements  of 
Radio  and  Electronics  (Friday 
evenings),  and  Applied  Electronics 
(Thursday  evenings).  Further  in¬ 
formation  can  be  obtained  from 
S.  G.  Roth,  New  York  University, 
Washington  Square,  New  York  3. 


French  Television  Plans 

An  effort  will  be  made  to  set  a 
new  higher-line  standard  for 
French  television  by  early  1947, 
according  to  Andre  Ory,  director 
of  Television  Francaise,  the  gov¬ 
ernmental  telecasting  organization. 
Present  broadcasts  from  the  Eiffel 
Tower  station  use  450  lines. 

The  Societe  Radio-Industrie  has 
now  developed  an  experimental  set 


using  819  lines,  with  a  new  small 
iconoscope.  M.  Barthelemy,  at  the 
Compagnie  des  Compteurs,  is  work¬ 
ing  on  a  1,015  line  set;  Thomson- 
Houston  is  perfecting  its  500-900 
line  apparatus.  Four-power  inter¬ 
lacing  has  been  tried  by  Television 
Francaise,  but  has  not  worked  out. 


Cab  and  Truck  Frequencies 

Though  requests  by  representa¬ 
tives  of  taxicab  and  trucking  groups 
for  five-year  experimental  radio¬ 
telephone  licenses  have  been  denied 
by  the  FCC,  qualified  applicants 
will  continue  to  be  granted  Class  2 
experimental  licenses  for  taxicab 
operation  on  152.27  and  157.53  me 
and  for  truck  radio  operation  on 
152.15  and  157.41  me.  Further  ap¬ 
plications  for  truck  radio  systems 
are  invited,  to  speed  the  establish¬ 
ment  of  a  permanent  service. 


FMA  is  Launched 

Representation  of  commercial 
f-m  broadcasters  has  been  taken 
over  by  the  newly  organized  Fre¬ 
quency  Modulation  Association, 
with  Judge  Roy  Hofheinz  of  KTHT 

(confinued  on  p  2S0) 
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HOTEL  COMMODORE 

GRAND  CENTRAL  PALACE 

H(K>in 

East  Ballroom 

Main  Ballroom 

West  Ballroom 

.Auditorium  I 

.'Vuditoriiim  II 

Seating  Cap. 

500 

2,000 

400 

4.50 

450 

.Monday 

2-  5  p.in. 

Particle  Accelerators 
for  Nuclear  Studies 

Electronic  Measur¬ 
ing  Equipment 

Radar  &  Communi¬ 
cation  Systems 

F-M  Reciqition 

Tuesday 

10-12:30  p.in. 

Tuesday 

2:30-5  p.in. 

.\ids  to  Navigation 

Television  B 

Nucleonics 

Instrumentation 

Electronic  Digital 
Computers 

Microwave  Com¬ 
ponents  and  Test 
Equipment 

Power  Output 
Vacuum  TuIkis 

Television  A 

Circuit  Theory 

Wednesday 
10-12:30  p.in. 

Weilnc.sday 
2:30-5  p.ni. 

EI(H;lronit;  Controls 
&  .\pplications 

Aids  to  Air  Naviga¬ 
tion  &  Traffic  Control 
On  The  Professional 
Status  of  the 
Engineer 

Microwave  Tech¬ 
niques  and 
Measurements 

Broadcasting  A 
Recording 

Thursday 
10-12:30  p.in. 

Thursday 

2:.30-5  p.ni. 

( )scillator*Circuit 
Theory 

Receiver  Circuits 

Basic  Fllectronics 
Research 

Vacuum  Tubes  and 
Gas  Rectifiers 

Wave  Propagation 
and  Antennas 

Antennas 

Relay  and  Pulse- 
Time  SystiMiis  of 
Com  munica  tion 

W  ave  Guide  Tech¬ 
niques 

A  total  oi  120  highly  technical  papers  covering  most  recent  developments  in  radio  and  electronic  engineering  will  be  presented  this 
year  by  the  Institute  oi  Radio  Engineers  at  its  annual  convention  March  3rd  to  6th  inclusive,  in  accordance  with  the  above  schedule. 
The  accompanying  show  is  at  Grand  Central  Palace  this  year  ior  the  first  time,  with  over  150  manufacturers  slated  to  show  their 

products 
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Mr.  Jett  was  appointed  Commissioner. 

Throughout  his  career  with  the  Navy  and  the  Commis¬ 
sion.  Mr.  Jett  has  been  alert  to  the  ever-increasing  useful¬ 
ness  of  radio  in  mobile  operations.  More  recently,  with  the 
development  of  radio  equipment  for  railway  and  highway 
services  and  Mr.  Jett’s  origination  of  the  Citizens’  Radio 
Communication  Service,  his  activities  wth  the  Commission 
have  taken  on  even  more  significance  to  American  econ¬ 
omy  and  well-'bcing. 


Commissioner  Ewell  K.  Jett  has  been  a  motivating  factor  in 
the  development  of  radio  communications  since  the  pio¬ 
neering  days  of  the  early  20th  Century.  From  1911-1929  he 
participated  in  the  development  of  the  Navy’s  use  of  what 
was  then  a  new  communications  art.  Since  1929,  Mr.  Jett 
has  been  associated  with  the  Federal  Communications 
Commission  and  its  predecessor,  the  Federal  Radio  Com¬ 
mission,  first  as  Assistant  Chief  Engineer;  then,  since  Feb- 
‘  •  iiv  1,  1938,  as  Chief  Engineer.  On  February  15,  1944, 
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--..vsrth  Radio  and  Talavision  Rocoivars  and  Transmittars  •  Aircraft  Radio  EquipmonI  •  Farnsworth  Tolovhion  Tubes  •  Mobile  Communications 
d  Traffic  Control  Systems  for  Roil  and  Highway  •  The  Farnsworth  Phonograph-Radio  •  The  Copohort  •  The  Panomuse  by  Capehort 
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Farnsworth  radiotelephone  systems,  now  ready  to  serve  the 
Nation’s  railroads,  provide: 


(1)  RILIABLE  RADIOTELEPHONE  CIRCUITS 

Farnsworth  guarantees  its  railroad  radiotelephone  systems  for  a  period  of  one 
year— the  same  kind  of  comprehensive  guarantee  furnished  with  U.  S.  Govern¬ 
ment  war-time  radio  equipment  on  which  battles  and  lives  depended. 


(2)  IMPROVED  OPERATING  SERVICES  AND  FACILITIES 

Radiotelephone  circuits  between  train  crews  and  supervisory  personnel  permit 
industrial  customer  requirements  to  be  fulfilled  more  rapidly;  provide  reliable 
and  instantaneous  communications  even  during  adverse  visibility  conditions; 
enable  the  quick  reporting  of  equipment  failures  and  the  more  rapid  and  efficient 
dispatching  of  relief;  permit  crews  instantly  to  report  unscheduled  stops  to  near- 
approaching  trains. 


(3)  SAVINGS  IN  OPERATIONS 

Railroads  using  modem  radiotelephone  circuits  have  reported  through  official 
Association  of  American  Railroads  documents  convincing  proof  of  the  important 
money-saving,  as  well  as  safety-contributing  abilities  of  radiotelephone  circuits. 


(4)  LOW-COST  INVESTMENT  AND  MAINTENANCE 

Farnsworth  equipment  incorporates  such  important  operating  and  rnaintenance 
features  as  standardized  chassis  with  imitized  construction,  low-clearance  anten¬ 
nas,  automatically  engaging  plug-in  type  connectors,  and  special  test  circuits. 
The  combination  of  these  features,  found  only  in  Farnsworth  equipment,  guar¬ 
antees  maximum  availability,  flexibility,  and  usefulness  with  simplified  low-cost 
maintenance.  Yet,  Farnsworth  railroad  radio  equipment  is  priced  competitively 
with  other  quality  systems,  many  of  which  lack  these  special  features. 

For  detailed  particulars  of  Farnsworth  Mobile  Communications  Systems,  write 
Farnsworth  Television  &  Radio  Corporation,  Dept.  E-2,  Fort  Wayne  1,  Indiana. 
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“RAILROADS . . . 

LIKE  A  GIANT  CONVEYOR  BGr* 


‘THIS  PIONEERING  EFFORT...” 


TW  New  T«ik.  Oiiat*  •  SL  Lniii  R.  R.  Co. 


“Train  Radio  to  Aid  in  Oparation 
of  Poro  Morquotto’s  Now  Stroomlinod  Train*” 


“By  virtue  of  their  efficient  and  effective  perform¬ 
ance  during  the  war,  the  nation's  Railroads  have 
won  the  respect  and  goodwill  of  the  American 
people.  It  is  essential  that  this  public  esteem  be 
maintained.  That  is  why  progressive  railroad 
managements  are  planning  the  use  of  many  tech¬ 
nical  developments  capable  of  making  additional 
contributions  to  the  safety  and  comfort  of  rail 
passenger  service  and  why  the  new,  streamlined 
passenger  trains  which  Pere  Marquette  soon  will 

put  into  operation  are  to  be  _ 

equipped  with  train  radio 
communication  systems.” 


Marquette  IUilw»x  Comgtaf 


A  MILBTONE  IN  RAILROAD  RADIO! 


RAILROAD  RADIO 


r 


vj 


"Modem  railroad  transportation  systems  cannot 
fkinction  to  their  maximum  efficiencies  without 
the  use  of  modem  communications  networks. 
That  is  why  the  Santa  Fe  System  maintains  com¬ 
plete  tdephone  and  teletype,  as  vyell  as  telegraph 
systems  along  its  entire  thirteen-tfaousand-mile 
right-of-way.  It  is  also  the  reason  for  Santa  Fe’s 
immediate  and  careful  exploration  of  all  new 
communications  techniques,  such  as  railroad  ra¬ 
dio,  and  accounts  for  the 
many  'firsts’  contributed  by  f  '  ^ 

the  Santa  Fe  to  the  railroad  i 
communications  art.”  |  .  'K.  '  '  % 


“The  war  has  emphasized  the  importance  of 
American  railroads.  Like  a  giant  conveyor  belt, 
they  link  up  the  industrial,  agricultural  and 
mining  areas  of  this  country  with  the  many 
thousands  of  markets  that  dot  our  land.  V^th 
reconversion  a  fact,  far-sighted  railroad  manage¬ 
ment  is  carefully  exploring  many  technical  .war 
devdopments,  and,  in  particular,  radio,  with  the 
expecution  that  radio  will 
hdp  keep  American  rail¬ 
roads  the  safe,  efficient  and 
modem  network  of  trans¬ 
portation  which  has  so  ably 
served  the  Nation  during 
the  war.” 


"TO  ATTAIN 

STIU  HIGHER  STANDARDS  OF  SERVICE  . . .“ 

"An  asset  in  which  the  Nickd  Plate  Road  takes 
great  pride  is  the  high  standard  of  service 
which  it  renders  to  the  shipping  public.  Mlith 
its  record  for  outstanding  p^ormance  during 
the  war  years  back  of  it,  the  Nickel  Plate  is 
looking  forward  to  the  utilization  of  new 
technological  developments,  such  as  radio  and 
teletype,  in  order  to  attain  still  higher  stand¬ 
ards  of  service  and  use¬ 
fulness.” 


"The  Chicago  and  North  Western  Railroad,  alway 
interested  in  technological  developments  wbici 
promise  improvement  in  the  efficiency  and  safety  o 
railway  operations,  participated  in  the  first  regula 
use  of  very  high  frequency  railway  radio.  Thi 
installation  went  into  operation  in  our  Provisi 
Yards  in  September.  1940,  and  continued  for  ove 
a  year  thereafter. 

"We  are  happy  that  the  technical  and  operatini 
information  secured  from  the  pioneering  effor 
was  subsequently  useful  to  the  Army  Ordnanc 
Department  and  to  the  operators  of  the  large  Arm 
Ordnance  Plants  in  making  their  decision  to  us 
railroad  radio  in  connection  with  the  war  effort 

"The  case  histories  provided  by  the  use  of  radi< 
at  Proviso  and  in  the  large  ordnance  plants  wer 
later  to  become  an  important  part  of  the  railroai 
testimony  in  the  Federal  Com¬ 
munications  Commission  hear¬ 
ing  which  brought  about  the 
present  allocation  of  frequen¬ 
cies  for  railway  use.” 


CNimi  mi  WmR  Wmem 


TUBES  AT  WORK  (conttnutd  from  p  I3I| 

mitted  and  received  54  channels  of 
data. 

In  the  plane,  dial-type  instru¬ 
ments,  rows  of  small  galvanometer 
light-beam  indicators,  and  break¬ 
age  indicator  lights  formed  the 
television  theater.  The  dial  instru¬ 
ments  included  an  airspeed  indica¬ 
tor;  altimeter,  normal  accelero- 
meter,  longitudinal  accelerometer, 
rate  of  pitch  indicator,  and  angle 
of  dive  indicator.  Forty-eight  light 
beams  indicated  pressures,  strains, 
positions  of  control  surfaces,  volt- 


Top  Tiew  of  the  conTenion-modulotor 
transmitter  oi  the  Farnsworth  teloTision 
telemetering  system 

ages,  currents,  and  rates  of  roll, 
pitch  and  yaw.  Fifteen  breakage 
indicator  lights  warned  of  possible 
structural  failures  in  flight. 

The  strongly  lighted  panel  was 
faced  by  a  23-tube  television 
camera-transmitter.  A  complete 
image  of  the  panel,  showing  all 
movements  of  its  dial  hands  and 
light  beams,  was  picked  up  by  a 
Farnsworth  image  dissector  tube 
for  transmission  to  the  ground 
station. 

The  television  theater  and  cam¬ 
era-transmitter  units  were  locked 
together  in  a  sealed  aluminum 
pressure-box,  inside  which  a  tem¬ 
perature  control  system  operated 
to  keep  the  temperature  as  constant 
as  possible  while  the  outside  read¬ 
ing  was  varying  between  76  and 
—67  F.  The  pressure-box  was  de¬ 
signed  to  operate  at  an  altitude  of 
60,000  feet. 

The  transmitting  antenna,  a 
crossed-dipole  type,  had  four  half¬ 
wave  radiators  phased  to  give  a 
spherical  field  and  projected 


By  American  Standards  Association  (^Bulletin 
C75.17-19U)  as  being  exceptionally  well- 
suited  for  establishing  a  uniform  method  of 
noise-testing  fixed  composition  resistors.  The 
high  sensitivity,  averaging  type  of  indication, 
and  stable  operation  make  the  above  com¬ 
bination  ideal  for  making  noise  measure¬ 
ments.  Model  300  Voltmeter  reads  from  .001 
to  100  volts  and  Model  220  Decade  Amplifier 
supplies  standardized  gains  of  lOx  and  lOOx. 
Frequency  range  10  cycles  to  150  kilocycles. 

Descriptivi’  bulletin  availiMe 


BALLANTINE  LABORATORIES,  INC 

■OONTON,  NEW  JiRSEY,  U.S.A.  - 


February,  1947  —  ELECTRONICS 


cuff  new  exhaust  Ion  bearing  unit 

•  25%  in  weight 

•  66%  in  assembly  time 


Use  of  Waldos  Truarc  Retaining  Rings  permits  housing  re¬ 
design— eliminates  heavy  cast  bearing  caps  and  screws  requir¬ 
ing  drilling  and  tapping;  lowers  labor  and  material  cost. 


'TRUARC  PAYS  DIVIDENDS  IN  SAVINGS!" 
declares  M.  &  E.  Maniiiacturing  Company, 
of  Indianapolis,  makers  of  exhai^t  fans  for 
industry.  "Improvements  in  design  made 
possible  by  Waldes  Truarc  Retaining  Rings 
provide  a  quieter,  freer-running  assembly, 
assure  longer  life  to  the  entire  unit,  eliminate 
the  hazards  of  uneven  unnecessary  pressure 
on  the  bearing  and  minimize  future  service 
requirements.  In  our  experience  Truarc  has 
definitely  proved  itself  the  better  method  for 
doing  an  important  job." 


Truarc  does  a  better  job  on  axles  and  shafts 
for  retaining  and  positioning  wheels,  pulleys, 
cams  and  gears.  In  widely  varied  applications, 
designers  find  its  never-failing  grip,  its  pat¬ 
ented  design  that  assures  constant  circularity, 
make  Truarc  the  better  way  to  hold  machine 
parts  together.  Production  and  maintenance 
men  in  many  industries  see  how  Truarc  rings 
cut  costs  sharply,  maintain  accurate,  unvary¬ 
ing  relationship  of  parts.  Send  us  your  draw¬ 
ings;  Waldes  Truarc  engineers  will  be  glad 
to  show  how  Truarc  can  help  you. 


•  Send  for  new  Truarc  booUot, 

\  **Nmw  Dovolopmont  In  Refoining  Rings** 

■■  aai  Hi  mm  iH  ^m  mm  mm  ^m  mm  iH  mm  mm  mm  « 

Wald**  Kohiaoor,  Inc.,  47-10  Aottal  PUc«  le-K 

Long  bland  City  1,  N.  Y. 

noaao  nnd  booklat,  "Now  DeTolopmant  In  Rataining 
Ringa"  toi 


WALDES  KOHIMOOR.  INC.,  LONG  ISLAND'  CITY  I.  NEW  YORK  A 
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TUIES  AT  WOUK 


(continuad) 


Pressure  box  containing  the  main  chassis 
oi  the  Farnsworth  air-bome  teleeision 
transmitter.  Excess  heat  irom  the  chassis 
at  low  altitudes  is  passed  to  the  radiating- 
fin  assembly  on  one  end 

radiated  had  an  approximate  limit 
of  25  miles. 

The  receiving  station  was  moun¬ 
ted  on  a  li-ton  truck.  This  vehicle 
contained  a  receiver  which  pro¬ 
vided  a  350-line  picture,  a  record¬ 
ing  unit  to  him  all  transmissions, 
and  equipment  for  two-way  voice 
radio  communications  with  planes 
in  flight.  Folding  antennas  were 
mounted  on  the  roof. 


VHF  Transmitter 
Power  Measurements 

By  Leonard  R.  Malling 

Seattle,  Washington 

Increasing  use  of  the  vhf  spec¬ 
trum  has  resulted  in  the  need  for 
an  accurate  and  convenient  method 
of  measuring  r-f  power  at  fre¬ 
quencies  ranging  from  100  to  500 
me  and  powers  ranging  up  to  100 
watts. 

Line  of  sight  limitations,  low 
weight  requirements,  the  use  of  di¬ 
rective  antennas  and  the  need  of 
portability  has  lead  to  a  flgure  of 
the  order  of  50  watts  maximum 
continuous  power  output  for  trans¬ 
mitters  designed  for  vhf  use.  Pulse 
power  of  the  order  of  kilowatts 
may  be  conveniently  measured  if 
the  pulse  rate  is  made  low  for  out¬ 
put  power  tests. 

Except  when  extreme  portability 
is  required,  vhf  transmitters  are 
designed  to  work  into  coaxial  ca¬ 
bles  feeding  dipole  arrays,  so  that 
for  maximum  efficiency  the  antenna 
system  should  be  purely  resistive. 
If  we  terminate  the  transmission 
line  in  a  purely  resistive  load  the 
power  output  of  the  transmitter 
can  be  determined  by  a  knowledge 
of  the  power  dissipation  in  this  re¬ 
sistor.  Maximum  convenience  is 
obtained  by  having  a  power  meas- 


PORTABLE  •  AC  OPERATED 


With  this  instrument  it  is  possible  to  quickly  and  accurately 
analyze  and  service  equipment  in  difFerent  locations  without 
fuss  in  time  consuming  demounting  and  transportation  of 
apparatus.  It  will  thus  pay  for  itself  in  a  short  time  and  no 
modern  radio  station  can  afford  to  be  without  it.  It  can  also 
be  used  to  good  advantage  in  factory  checking  and  inspec¬ 
tion  of  audio  equipment. 

The  set  combines  in  a  modern  efficient  manner  an  accurate 
vacuum  tube  voltmeter,  an  audio  oscillator  with  four  fixed 
frequencies  and  a  precision  attenuator  all  mounted  in  a 
handy  cabinet  easily  carried  by  the  operator. 


•  PRECISION  ATTENUATOR: 

Flat  to  20  KC;  93  db. 
in  .1  db.  stopt. 

•  DIMENSIONS: 

10%"  X  16%"  X  8%" 

•  WEIGHT:  30  lbs. 

•  INPUT:  115  Volts, 

60  cycles,  70  watts. 


•  GAIN:  Up  to  80  db. 

•  LOSS:  60  db.  maximum. 

•  VACUUM  TUBE  VOLTMETER; 

Range— 40  to  +40  db. 
(1  mv.  ref.  level) 

•  AUDIO  OSCILLATOR: 

Freq.  Ronge;  100  to 

10,000. 


ato«^ 
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CHERRY  BLIND  RIVETING  Blind  Rivets.  The  self-plugging  type  is  com- 


has  stirred  up  enormous  interest  since  its  inception 
during  the  war.  This  remarkable  new  fastening  tech¬ 
nique  is  so  fast  and  the  results  are  so  uniformly 
positive  that  it  has  spread  from  industry  to  industry 
at  an  astonishing  rate.  To  those  who  are  familiar 
with  the  basic  characteristics  and  many  possibilities 
of  Cherry  Blind  Riveting,  its  virtues  are  implicit  .  .  . 
but  others,  not  yet  having  experienced  its  advan¬ 
tages,  still  wonder  about  certain  basic  questions. 

Strength  and  tightness,  for  example. 

Tight,  Strong  Joints  —  There  are  three  types  of 


parable  in  strength  to  solid  rivets  and  is  recom¬ 
mended  fbr  structural  applications.  The  pull-through 
hollow  type  is  for  tight,  rigid  joints  on  non-structural 
jobs.  The  regular  hollow  is  a  tacking  rivet  that 
clinches  very  tightly. 

Cherry  Blind  Rivets  have  (a)  greater  shank  ex¬ 
pansion  and  (b)  greater  allowable  variance  in  mate¬ 
rial  thickness  . .  .  than  any  other  blind  fastener.  This 
means  uniformly  tight,  strong  joints  under  actual 
shop  conditions  where  hole  sizes  and  sheet  thick¬ 
nesses  cannot  always  be  controlled  closely. 


High-strength, 
self-plugging 
fype  Cherry 
Blind  Rivet. 
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Get  this  Illustrated  AAonual. 
Write  to  Dept.  B-120,  Cherry 
Rivet  Company,  231  Winston 
Street,  Los  Angeles  13,  Calif. 


Tight-clinching,  pull- 
through  hollow  type 
Cherry  Blind  Rivet. 


DYNAMIC 


of  the  rivet  shank  is  the 


answer.  Greater  shank  ex¬ 


pansion  than  any  other 
blind  fastener.  Powerful 
controlled  pull  of  rivet  gun 
draws  stem  into  rivet  shank, 
forcibly  expanding  rivet  to 
fill  hole  tightly.  Joint  is 
strong,  tight,  permanent. 


Rhret  sitanh  •xpend- 


HOW  CAN  A  BLI 

HOW  licht  CAN  A  BLI 


RIVET  BE? 


RIVET  BE? 


TUIES  AT  WORK  (contm««;  S 

uring  device  that  does  not  require  a 
tuning.  1 

Resistive  Termination 

Two  difficulties  arise  in  the  ter 
mination  of  a  transmission  lint 
with  a  resistor;  power  dissipatior  i 
Ui  the  resistor,  and  correct  match 
ing  of  the  resistor  to  the  transmis¬ 
sion  line.  The  povrer  dissipated  in;  : 
the  resistor  may  be  found  from  a; 
measurement  of  temperature  rise  | 
voltage  or  current.  Of  the  three  | 
voltage  measurement  is  the  mos  | 
convenient  but  the  capacitive  in  I 
put  of  the  voltmeter  must  then  be;  1 
compensated  to  obtain  effective  re-i  j 
sistive  termination  of  the  transmis  I 
sion  line.'  I 

For  the  termination,  one  type  of'  J 
resistor  is  of  particular  interest,  ai  1 
i-watt  carbon  resistor  having  brass  5 
endcaps  and  contained  in  a  ceramic  | 
case.  The  length  of  the  carbon  mix 
between  brass  caps  is  0.5  cm,  the  | 
diameter  0.3  cm.  I 

Assuming  a  resistor  of  60  ohms  | 
with  these  dimensions,  the  resis-  = 


FIG.  1 — Circuit  of  Thi  wottmoter 


tance  per  cm  cube  is  seven  ohms 
and  the  skin  depth  is  0.6  cm.  The 
skin  effect  may  thus  be  neglected  as 
we  can  expect  substantially  uni¬ 
form  current  distribution. 

Knowing  the  current  distribu¬ 
tion  enables  us  to  determine  the 
inductive  effect  of  the  resistive  rod, 
a  value  of  0.001  microhenry  or  an 
inductive  reactance  of  2.5  ohms  at 
600  me.  Thus  the  terminating  im¬ 
pedance  gives  a  standing  wave 
ratio  of  1.05  on  the  transmission 
line.  Sufficiently  accurate  power 
measurements  may  be  made  when 
the  standing  wave  ratio  is  less  than 
1.1,  a  value  rarely  achieved  even 
with  the  best  antenna  designs. 

The  9005  diode  having  a  resonant 
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CTRONICS 


Are- you  inthe  knaw 

on  GLOW? 


TNESI  QUICK  FAaS  ON  C-E  NEON 
Glow  UMFS  MAY  HELP  YOU 
PKODUCE  A  MORE  SUCCESSFUL  PRODUCT 


“o’h„J"^™ance  and 

It”'”’  *’«'■ 

'Stance  to  shock  an  l 


high  voltage 


^  a . . . 


QUISTION  —  In  what  sizts  or*  glow  lamps  made? 

ANSWER  — General  Electric  makes  a  complete  line  of  neon 
glow  lamps,  in  a  wide  variety  of  miniature  bulb  sizes,  and 
in  wattages  from  3  watts  to  1/2  5  watt,  with  both  screw 
bases  and  bayonet  bases. 


,«  YO«  «•’ 
Glow  lo"*? 

>N.i»sp«; 


C  E  LAMPS 


GENERAL  ^  ELECTRIC 

Nela  Specialty  Div.  Lamp  DepU,  1  Newark  St,,Hoboken,  N.  J. 
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TUIES  AT  WORK 


(conttnMd) 


Rmsistorf 


Accorote  Rxed 


Wire  Wound 


Types 


Th/S  New  Bulleti/i 
tells  you  what  you 
wa/it  to  know  about 

ACCURATE  FIXED 
WIRE  WOUND 
RESISTORS 


frequency  of  1,500  me  and  a  voltage 
rating  of  117  volts  maximum  makes 
a  peak  diode  voltmeter  for  the 
measurement  of  voltage  across  the 
resistor.  For  the  moment  we  are 
concerned  with  the  input  capaci¬ 
tance  of  this  diode  and,  allowing 
for  socket  and  stray  capacitance,  a 
value  of  one  jujuf  may  be  assumed. 
The  mismatch  due  to  this  capacitive 
reactance  may  be  neutralized  by  a 
corresponding  inductive  reactance. 

The  shunt  capacitive  reactance 
may  be  converted  to  an  equivalent 
series  reactance  of  three  ohms  at 
200  me  for  which  the  equivalent  in¬ 
ductance  is  0.002  microhenry.  Dif¬ 
ficulties  in  making  a  completely 
noninductive  connection  to  the 
transmission  line  are  now  avoided 
as  we  may  leave  a  short  length  of 
the  inner  conductor  equivalent  to 
tins,  value  for  making  the  connec- 
tioB  to  the  resistor.  With  RG-8AJ 
50-ofam  concentric  caUe,  having  a 
7/21  copper  conductor,  the  length 
of  conductor  is  approximately  0.5 
cm  from  the  end  of  the  cable  to  the 
resiatenr. 

With  the  relativdy  small  values 
of  correction  used  the  slope  of  the 
inductive  and  capacitive  reactance 
curves  may  be  assumed  to  be  con¬ 
stant  so  that  the  compensation  will 
hold  over  a  wide  band  of  frequen- 


DIMENSIONAL  SPECIFICATIONS  •  MOUNT¬ 
ING  AND  TERMINAL  DESIGNS  •  POWER 
DISSIPATION  •  TEMPERATURE  COEFFI¬ 
CIENT  OF  RESISTANCE  •  fy\AXIMUM 
RESISTANCE  CHARTS  •  RESISTANCE 
ALLOYS  •  MOISTURE  AND  FUNGUS 
PROOFING  •  HERMETIC  SEALING 

Shallcross  Types  Designed  to 
Meet  JAN-R  93  Specifications 


SHALLCROSS  MFG.  CO. 


DEPT.  E-27  COLLINGDALE,  PA. 


ENGINEERING  •  DESIGNING  •  MANUFACTURING 


Moonting  of  componenta  in  wattmeter 
cies,  certainly  from  100  'to  600  me. 
The  correction  is  made  in  approxi¬ 
mately  the  middle  of  this  band. 

Accuracy 

With  a  high  resistance  load,  one 
megohm,  and  a  small  r-f  bypass  ca¬ 
pacitor  of  100  /i/if,  the  meter  read¬ 
ing  will  indicate  peak  voltage 
across  the  terminating  resistor.  Be¬ 
cause  of  electron  transit  time  and 
internal  diode  resonance,  the  meter 
indication  at  500  me  will  be  a  few 
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TYPE  TS.56 

S«r«w  Typ«.  For  opplicotiont 
whoro  wirot  mutt  bo  oNochod 
■nd  dotochod  quickly  and  convon- 
ionHy  ot  intorvoU.  SuppHod  plain 
or  morkod  to  cuttomort’  tpocitico> 
Hons.  Also  avoiloblo  with  Knurlod 
Hood  scrows. 

Contacts — Brass,  cadmium  plotod 
Scrows — Stool,  cadmium  platod 
Flotos— V^s"  XF  Phonolic  shoot 


.140  0i» 
Mtq  Holos 


-V32  Oio. 

Wire  Hole 


CATAIOG  NO. 

MNOtNG  KNURLED 

HEAD  SCIEW  HEAD  SCREW 


NO.  OF 
TERMINALS 


■6*32i% 
Binding  Head 
Screw. 


OVERALL 

LENGTH 

•A’ 


MTG.  HOLES 
CENTERS 


EBY 

TERMINAL 

STRIPS 


1 

8519 

8529 

7 

4  3/8 

4 

1 

8520 

8530 

8 

4  7/8 

4  1/2 

1 

8521 

8531 

9 

5  3/8 

5 

1 

8522 

8532 

10 

5  7/3 

5  1/2 

2 

8704  - 

8711 

1 

1  1  /4 

7/8 

2 

8710 

8712 

2 

1  11/16 

1  5/16 

2 

8610 

8713 

•  3 

2  1/8 

1  3/4 

2 

8707 

8714 

4 

2  9/16 

•2  3/16 

2 

8708 

8715 

5 

3 

2  5/8 

TYPE  TS-58 

Tio  Point.  Usod  throughout  industry 
for  tying  in  a  wido  varioly  of  com- 
pononts.  Availoblo  in  any  combi- 
noHon  of  torminols  or  brackots  as 
shown  up  to  and  including  14. 
Holos  oro  spaced  opart  with 
botwoon  end  holos  and. 
odgo  of  board.  Torminols  availoblo 
with  oiongotod  holo  for  threading 
or  notched  for  wrap-around  as¬ 
sembly.  Plates  are  of  XP  Phonolic 


'/•eXP  PHENOLIC 
SHEET 


hole  approx. 

'/uiX’’/,, 


*  J- 


PART  2381 
BRASS 


PiIoNm* 


The  makers  of  famous  war  proved 
NDRC  Type  11  Model  A  telemetering 
system  are  now.in  a  position  to  supply 
this  and  other  tried  and  proven  sys¬ 
tems  for  your  particular  use. 


OaQ4^ 


The  same  engineers  who  designed  and 
engineered  this  system  are  now  avail¬ 
able  to  assist  you  on  your  telemetering 
problems.  * 


Licensed  manufacturers  NDRC 
Type  I  Model  B,  Type  II  Model 
A,  and  other  telemetering  systems. 


Complete  Ground  Receiving  Equipment, 
Front  Panel 


Airborne  Transmitter 
Commutator 


The 
ince 
h  a 
ulse 
eter 


ELECTRONICS  —  Ftbruary,  1947 


TUBES  AT  WORK  (continusdi 

percent  low  with  correspondingly 
less  error  at  lower  frequencies. 
This  error  has  been  described  as 
the  premature  cutoff  error  and  is 
dependent  on  the  characteristics 
and  geometry  of  the  tube. 

Diode  resonance  is  caused  by  the  ' 
series  inductance  of  the  tube  leads 
resonating  with  the  plate-to-cath- 
ode  capacitance.  Resonance  checks 
are  best  made  by  a  variable-fre¬ 
quency  signal  generator  as  un¬ 
avoidable  external  lead  inductance 
will  lower  the  resonant  frequency 
of  the  diode.  Resonance  with  the 
9006  may  thus  occur  at  1,000  me. 
At  500  me,  the  meter  indication 
may  be  30  percent  high,  at  100  me 
the  error  will  be  one  percent.  A 
calibration  chart  may  be  made  cov¬ 
ering  the  band. 

Construction  Details 
*To  aid  heat  dissipation  in  the 
resistor,  the  diode  assembly  may  be 
placed  on  a  copper  plate  to  which 
the  resistor  is  soldered  using  an 
ample  supply  of  metal.  This  ensures 
good  thermal  and  radio  conductiv¬ 
ity.  With  an  air  blower  supplying 
50  cu  ft/min  to  the  copper  plate, 
the  resistor  may  be  operated  at 
ten  or  twenty  times  its  normal  rat¬ 
ing  in  free  air  or  much  higher  for 
short  periods. 

Figure  1  shows  the  wiring  ar¬ 
rangement  of  the  diode  power  head. 
Use  of  a  battery  for  heater  power 


make  dire€t-‘Writing 
recordings  of  strains 
and  pressures 
instantaneously  I 


The  remarhobie  new  Brush  Mag- 
nelic  Recording  Pen  Motor  — heart 
of  the  Brush  DirecMnking  Oscillo¬ 
graph.  Highly  stable.  May  be  used 
under  virtually  any  climatic  or 
temperature  conditions.  Exceptional 
accuracy. 


Instantaneous,  permanent,  ink-on- 
fwper  recordings  by  Brush  Oscil¬ 
lographs  make  Iheir  use  almost 
imlimited:  Accurodf  recordings 
of  strhins,"  pressures  and  count¬ 
less  electrical  phenomena  can 
be  made  over  a  frequency  range 
of  D.C.  to  *100  c.p.s.  Either  A.C. 
or  D.C.  circuits  can  be  measured. 
Whenever  desirq^  recordings 
may  be  stopped  for  notations  on 
chart-paper. 


Brush  Oscillographs  are  compact, 
portable  and  ruggedly  constructed 
for  ease  of  handling  and  opera¬ 
tion.  Investigate  them  now.  Brrish 
engineers  will  gladly  co-operate 
in  determining  their  application 
to  your  problems.  Write  for  tech¬ 
nical  information  for  complete 
details  of  this  equipment.  Special 
bulletins  ore  available  on  strain- 
gauge  use. 


CARBON 

RESISTOR 


COPPER 

-BUXK 


Brush  Sinale-Channel  Magnetic  Oscillo- 
mapb  with  amplifier.  Especially  suited 
lor  strain-gauge  applications,  counting, 
surface  analysis  and  similar  applica¬ 
tions.  Three-speed  paper  drive,  5,  2S,  125 
mm  per  second.  Chart  paper  wide. 


Brush  Double-Channel  Magnetic  Oscillo¬ 
graph  tor  use  where  two  simultaneous 
recordings  are  desired  as  in  synchronis¬ 
ing  problems.  Three-speed  paper  drive, 
5,  25,  125  mm  per  second.  Chart  paper 
31%2"  wide.  Rugged  construction. 


CURRENT 

FLOW 


FIG.  2 — Method  oi  reducing  the  efiective 
inductance  of  a  carbon  resistor 

avoids  long  a-c  supply  leads.  The 
meter  may  be  any  high-resistance 
d-c  voltmeter,  preferably  with  a 
multiplier  switch.  For  peak  pulse 
power  measurements  the  voltmeter 
may  be  replaced  by  a  calibrated  os¬ 
cilloscope. 

If  large  resistors  introduce  error 
because  of  excessive  inductive  re¬ 
actance,  the  resistor  may  be  sunk  in 
a  hole  in  the  copper  as  shown  in 
Fig.  2  to  provide  reversal  of  cur¬ 
rent  in  the  restricted  area. 


Canadian  Representatives: 
A.  C.  Wickman,  (Canada)  Ltd. 
P.  O.  Box  9, 

Station  N,  Toronto  14 


Brush  Six-Channel  Magnetic  Oscillo- 
graph.  Excellent  for  strain-gauge  record- 
mgs.  Dust-proof  case.  Interchangeable 
gear  paper  drive.  Your  choice  of  paper 
speeds  from  Va"  fo  5"  per  second.  Chart 
paper  12"  wide.  Compact  design.' 
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The  Rauland  Vi^S/TRON  iofp4/R6025 

^  ...  the  NEW  Picture  Tube  with 

Unprecedented  Brilliance 


NEW! 

aluminized 

^^^L-ON-screen 


Small  Shell  Duodacal  7  Pin 


Anod*  VoHs  (Max.) 


Anoda  Volts  (Operating) 


External  Coating  (Optional):  500  mmf. 


WRITt  fOR  IMTSRtSTINO  BUUiTIN 


Speci/iccdions  of  tho  Rauland  Vhitron  10FP4/R6025  j 

Heater  Voltage 

6.3  A.C.  or  D.C. 

Focusing  Method 

Electromagnetic 

Deflection 

Electromagnetic 

Deflection  Angle 

50  Degrees 

Screen 

Phosphor  P4 

Aluminized  Reflector 

Bulb  Diameter  (Max.) 

Length 

17%'  ±  %' 

electronics  — Pebriiory,  ^94^ 
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File  your  rectifier 

specifico**®"* 


C.n.nl^ 


\  \ 


“Specials”  have  always  been  a  Conant  specialty 
Conant  designs  and  laboratory  production 
methods  permit  the  production  of  special 
rectifier  assemblies  at  regular  prices. 

•  If  your  specifications  are  on  file  at  Conant, 
you  can  be  sure  of  receiving  rectifiers 
w'hich  w'ill  fit  the  job. 

Your  specifications  must  contain 
the  following  information. 

1  The  maximum  range  of  forward  resistance 
at  a  definite  value  of  current. 

2  The  maximum  inverse  current  per  disc. 

3  The  ambient  temperature  at  which  above 
values  are  to  be  measured. 

4  A  definite  statement  of  the  method  used 
to  make  the  above  measurements  and  a 
schematic  of  your  test  circuit. 

The  above  can  then  be  interpreted 
to  fit  Conant  test  methods. 


6500  0  STREET,  LINCOLN  5,  NEBRASKA,  U.  S.  A. 


20  V«>cy  S*.,  New  York  7,  New  York  SIS  City  Bonk  Bldg.,  Konsot  City  8,  Mo.  I  526  Ivy  $1.,  Denver,  Colo. 

85  f .  Coy  St.,  Columbuf,  Ohio  1212  Comp  St.,  Oollos  2,  Texos  42 1 4  Country  Club  Dr.,  long  Beach  7,  Col. 

600  S.  Michigan  Ave.,  Chicago  S,  IB.  378  8oulevard  N.  E.,  AHanto.  Co.  Export  Div.,75  West  New  York  6,N.  Y. 

1215  Harmon  fl.,  Minneopolit  3,  Minn.  4018  Greer  Ave.,  St.  louit.  Mo,  50  Yormovth  Rd..  Toronto,  Conodd 


INDUSTRIAL  CONTROL  (continuod  from  p  140) 

ing  the  rate  at  which  chloropicrin 
gas  penetrated  a  tube  filled  with 
charcoal  adsorbent.  Note  the  com¬ 
plete  removal  of  the  gas  up  to  the 
time  when  the  “break”  occurred, 
when  chloropicrin  began  to  pass 
through  the  charcoal  in  significant 
quantities. 

Figure  4  illustrates  a  cuutiiiuous 
record  of  phosgene  concentrations 
obtained  on  the  desert  in  Utah  on 
the  occasion  of  the  bursting  of  a 
1,000-lb  bomb  charged  with  phos¬ 
gene.  Note  the  amazingly  rapid 
fluctuations  in  concentration  which 
the  ultraviolet  photometer  was  able 
to  resolve. 

The  dashed  line  demonstrates  the 
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I  FIG.  4 — Automatic  record  oi  phosgene  con- 
J  centration  obtained  downwind  from  the 
I  burst  point  of  a  1000-lb.  bomb  charged 
with  phosgeiM.  The  dashed  line  shows  the 
response  of  a  conduettrity  gas  onalyxer 

response  of  a  conductivity  gas  ana¬ 
lyzer,  an  analyzer  which  measured 
the  phosgene  concentration  by 
measuring  the  electrical  conduc¬ 
tance  of  water  in  which  the  phos¬ 
gene  was  continuously  dissolved. 
This  method  missed  most  of  the  de¬ 
tails  of  the  phosgene  concentration 
fluctuations. 

The  two  examples  cited  are  typi¬ 
cal  applications  to  practical  prob¬ 
lems.  Other  analogous  possibilities 
readily  suggest  themselves.  In  the 
design  of  large-scale  reactors  in 
chemical-engineering  processes,  in¬ 
formation  on  smaller  models  is  gen¬ 
erally  required.  For  example,  in 
evaluating  the  performance  of  ad¬ 
sorbent  beds  in  solvent  recovery  or 
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toxic-gas  protection,  the  ultraviolet 
photometer  is  particularly  conveni¬ 
ent  when  substances  such  as  ace¬ 
tone,  butadiene,  benzene  or  phos¬ 
gene,  with  ultraviolet-absorbing 
properties,  are  under  study.  Simi¬ 
larly,  it  is  frequently  necessary  to 
have  a  constant  check  on  the  concen¬ 
tration  in  air  of  volatile  materials 
in  various  industrial  processes,  and 
for  this  purpose  the  automatic¬ 
recording  apparatus  is  especially 
suitable. 

In  addition  the  ultraviolet  pho¬ 
tometer  has  proved  convenient  in 
investigations  of  a  number  of  fun¬ 
damental  scientific  problems.  It  has 
been  used,  for  examine,  in  a  study 
of  the  rate  of  conversion  of  NO 
into  NQt.  Similarly  it  is  now  being 
applied  to  an  investigation  of  the 
kinetics  of  the  decomposition  of 
hydfogen  peroxide.  In  general  it  is 
applicable  to  any  problem  requiring 
the  analysis  of  a  substance  which 
absorbs  ultraviolet  radiation. 


Electronic  Drive  for 
Printing  Presses 

The  Philadelphia  Inquirer  is  the 
first  newspaper  to  install  a  new  type 
of  electronic  drive  for  increased 
flexibility,  minimum  speed  variation 
with  load,  and  maximum  efficiency 
over  a  wide  range  of  operating 
speeds.  It  will  be  applied  to  61 
rotogravure  and  44  newspaper  press 
units  at  the  new  plant  of  the  news¬ 
paper. 

The  drive  system  operates  di¬ 
rectly  from  a  440-volt  plant  circuit 
and  consists  of  a  sealed-ignitron 
tube  panel  and  a  magnetic  control 
panel,  motor  selector  switches,  and 
the  necessary  d-c  drive  motors.  Ex¬ 
cept  for  the  drive  mc4;ors,  the  equip¬ 
ment  is  completely  static.  This  con¬ 
tributes  to  compactness,  eliminates 
the  necessity  of  special  founda¬ 
tional  and  structural  supports,  and 
facilitates  incorporation  with  mod¬ 
em  load-center  power  distribution 
equipment. 

With  this  new  General  Electric 
drive,  especially  adapted  for  use 
with  high-speed  rotary  web  presses, 
adjustable  voltage  is  supplied  to  ad¬ 
justable-speed  d-c  drive  motors 
which  may  be  mounted  coaxially 
with  the  main  shaft  of  the  press. 
Stepless  speed  control — including 
slow  threading  speed. 


Photo  courtesy  of  EMERSON  Radio  &  Phonograph  Corp. 


WIY  ME  CORWICO  WRE  PMOUCTS  SPECIFIED 
BY  THIS  LM6E  RADIO  MANUFACTURER? 

Because  their  ENGINEERING  Department  values  their  faith¬ 
ful  performance  of  the  requirements  of  insulation  resist¬ 
ance  and  voltage  breakdown  .  .  . 

Because  their  PRODUCTION  Departnrent  finds  that  they 
possess  the  essential  qualities  wnich  permit  easy  pushback 
or  mechanical  stripping  .  .  . 

Because  their  PURCHASING  Department  finds  that  these 
quality  products,  backed  by  dependable  service,  are 
sold  at  prices  that  spell  true  economy  . . . 


jogging, 
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1161  N.  Vine  Sf..  Hollywood  38  Calif. 
250  W.  57th  St.,  N.  Y.  19.  N  Y 


without  adjectives 


One  good  way  to  raise  the  eyebrows  of 
progressive  engineers  is  to  have  other-  leaders  in 
the  industry  utilize  your  product.  A  singular 
piece  of  equipment  like  the  Altec  Lansing 
Intermodulation  Analyzer  can’t  be  bought  on 
the  basis  of  glib  recommendation.  You  should  be 
convinced  of  its  magnitude  by  application  to 
your  own  problem  ...  or  by  studying  the  names 
of  the  organizations  where  it  is  now  in  use. 


Originally  developed  for 
film  studios,  the  Altec 
Lansing  Intermodulation 
Analyzer  is  rapidly 
being  adopted  by  broad¬ 
casting  and  recording 
studios  as  well  as  sound 
research  laboratories. 

It  supplements  present 
methods  of  checking 
audio-distortion  where 
quick  and  frequent 
intermodulation  checks 
are  necessary  to  maintain 
low  distortion  in  high 
quality  systems. 
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A  MILLION  MILES 

OF  STRAIGHTENED  VOLTAGES 


Sorensen  Voltage  Regulators  guarantee  many  miles  of  speed 
with  safety  by  constantly  and  automatically  stabilizing  volt¬ 
ages  that  operate  vital  communications  equipment  on  surface 
and  air  transportation  lines. 

Wire  and  radio  contact  systems  depend  upon  quick,  accurate 
response  to  even  the  smallest  variation  to  attain  peak  per¬ 
formance.  No  moving  parts  in  a  voltage  regulator  means 
no  time  consuming  adjustments,  no  wear  and  a  minimum 
of  maintenance. 


These  are  just  a  few  reasons  why  Sorensen  Voltage  Regu¬ 
lators  are  chosen  as  the  perfect  power  guardian  for  the 
millions  of  miles  of  communications  so  essential  to  safe 
transportation.  ' 


InvMtigat*  th«  many  odvanfagM  ol  Soransan  r*gt 
loton  appliod  to  your  unit.  Writ*  today  for  your  top 
of  th*  new,  compUt*  Soronten  catalog  AA-L.  It  i>  fill* 
with  schomotic  drowings,  porformanc*  curves,  phc 
tos  and  contains  in  detail,  "Principles  of  Operation. 


acceleration,  deceleration,  and  dy- 
namic  braking — is  provided  without 
the  necessity  of  speed-regulating 
resistors  or  auxiliary  starting  mo¬ 
tors.  The  drive  is  operated  by  con¬ 
ventional  push-button  stations, 
including  an  emergency  control  sta¬ 
tion  and  an  automatic  safety  signal 
system. 


Simple  Foolproof 
Production  Tester 


by  Martin  F.  Beavers 


Orntral  Electric  Vompany 
Pittafieldf  Maaeachuaetta 


Engineers  who  have  qualms  about 
having  sensitive  equipment  used  by 
nontechnical  workers  doing  pro¬ 
duction-line  testing  can  substitute 
the  device  to  be  described  in  a 
ddzen  applications  where  use  of  ex 
tremely  accurate  and  expensive  in 
struments  is  not  warranted. 

The  voltmeter  ,  covers  a  range 
from  approximately  50  to  500  volts, 
a-c  or  d-c,  and  employs  only  a  500, 
000  ohm  potentiometer  and  a  small 
neon  lamp.  Instead  of  using  the 
brilliance  of  the  neon  lamp  as  an 
indication  of  the  voltage,  the  volt 
age  is  read  from  a  scale  on  the  in 
strument.  Figure  1  shows  the  volt¬ 
meter  circuit  but  because  of  its 
simplicity,  no  detailed  construe 
tion  information  is  deemed  neces¬ 
sary. 

Operation  is  based  on  the  inher¬ 
ent  characteristic  of  a  neon  glow 
lamp  that  a  certain  voltage  is 
necessary  to  make  it  glow.  In  most 
neon  lamps,  this  ignition  voltage 
may  vary  slightly  from  one  applica- 


FIG.  1. — potentiometer  haring  a  lineot 
change  of  reeietance  rersui  rotation  and  o 
neon  lamp  form  the  foolproof  voltmeter 
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Writ*  today  for  your  fra#  copy  of  th#  M-R 
Wall  chart  with  it*  #ngin#aring  tablas, 
siactrical  symbols,  carrying  eapacitias  of  con¬ 
ductors,  diaiactric  avaragas,  thicknassas  of  in¬ 
sulating  matariais,  tubing  sixas,  tap  drills,  ate. 


meet  exceed 

SPECIFICATIONS 

VARNISHED  TUBING  ASSOCIATION 
Odfc/ 

AMERICAN  SOCIETY  FOR  TESTING  MATERJALS 

M”R  FIBER6LAS  C/NORGAN/c;  VARNISHED  TUBINGS  are  made  mfobr  grades: 
Staadard;  Oeuble  Saturated;  Triple  Streagth  and  impregnated. 

STANDARkfiRAOE  for  maximum  flexibility,  has  tittle  varnish  and  is  recom> 
mended  w  high  temperatures  where  dielectric  strength  is  not  a  factor,  t 

DOUBLE  SATURATED  has  alt  qualities  of  the  Standard  Grade  but  with  addi¬ 
tional  coats  of  varnish  to  bring  the  dielectric  rating  up  to  1500  volts. 

TRIPLE  STRENGTH  is  built  up  with  coats  of  especially  flexible  insulation 
varnish  for  dielectric  ratings  up  to  2500  volts  and  is  particularly  suited 
where  assembly  operations  include  the  possibility  of  rough  handling. 

IMPREGNATED  is  the  Optimum  in  Superiority  for  high  gloss,  non-hydroscopic, 
resistance  to  high  temperatures,  oils,  acids,  etc.  IbtPREGNATED  has  a  dielec¬ 
tric  rating  beyond  7000  volts  and  is  unequalled  for  Long  Life  Under  Most 
Severe  Conditions.  Write  For  Samples. 

FOR  USERS  OF  COHON  YARN  VARNISHED 
TUBINGS  The  Mitchell-Rand  MIRAC 
and  HYGRADE  Varnished  Tubings  of 
long  staple  fiber  yarn  are  comparable 
to  Rberglas  Tubings  in  dielectric  rat¬ 
ings.  tensile  strength,  flexibility  and 
long  life.  Write  For  Samples. 


MITCHELL-RAND  INSULATION  COMPANY,  INC. 

SI  MURRAY  STREET  COrtlandt  7-9264  NEW  YORK  7,  N.Y. 


Fiberqias  Varnished  Tope  and  Cloth 
Insulatjnq  Papers  and  Twines 
Cable  Fillinq  and  Pothead  Compounds 
Friction  Tope  and  Splice 
Transformer  Compounds 


A  PARTIAL  LIST  OF  M-R  PRODUCTS 
Fiberqias  Saturated  Sleevinq,  Varnished  Tubinq 
Asbestos  Sleevinq  and  Tape 
Varnished  Cambric  Cloth  ond  Tope 
Mica  Plate,  Tape,  Pope',  Cloth,  Tubinq 


Fiberqias  Braided  Sleevinq 
Cotton  Topes,  Webbinqs  and  Sleevi 
Impreqnoted  Varnish  Tubinq 
Insulotinq  Varnishes  of  all  types 
Eitruded  Plastic  Tubinq 
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tion  of  voltage  to  another.  How¬ 
ever,  for  practical  purposes,  this 
variation  is  relatively  small  and 
readings  are  obtainable  within 
three  percent  accuracy.  Another 
characteristic  of  the  neon  lamp  is 
that  once  it  is  ignited,  the  voltage 
will  have  to  be  lowered  somewhat 
below  the  ignition  voltage  in  order 
to  extinguish  the  lamp.  Due  to  the 
fact  that  each  individual  neon  lamp 
may  have  a  slightly  different  igni¬ 
tion  voltage,  no  definite  value  can 
be  given;  however,  ignition  volt¬ 
ages  of  the  order  of  50  volts  a-e 
or  70  volts  d-c  may  be  expected 
from  lamps  such  as  the  GE,  NE-51, 
neon  glow  lamp  (resistorless). 

When  d-c  voltage  is  applied,  only 
one  of  the  two  electrodes  will  glow 
— the  one  which  is  connected  to  the 
negative  side  of  the  source;  thus, 
polarity  may  be  determined  by  not¬ 
ing  which  of  the  electrodes  glows. 
However,  when  connected  to  an  a-e 
source,  both  electrodes  glow. 

There  may  be  a  slight  difference 
in  ignition  voltage  depending  upon 
which  electrode  is  connected  to  the 
negative  side  of  a  d-c  source.  The 
electrode  which  has  the  lowest  igni¬ 
tion  voltage  is  preferable,  and  the 
meter  should  be  marked  with  po¬ 
larity  indications;  otherwise  the 
calibration  may  not  be  correct  if 
the  polarity  is  reversed  on  d-c  meas¬ 
urements. 

Other  types  of  neon  lamp  may  be 
used  in  this  voltmeter  circuit.  Ex¬ 
perimentation  with  a  lamp  wdll  en¬ 
able  one  to  quickly  ascertain  its 
particular  characteristics.  In  gen¬ 
eral,  a  small  wattage  lamp  is  more 
satisfactory  than  a  large  wattage 
lamp.  If  the  lamp  has  a  protective 
resistor  built  into  the  base,  the  0.2 


COWPKl  MO  fOR  wonoN  SWOY 


\N  §PEEDS  RANGING 


reOM  600  TO  48,000  BW 


10'/;  XIO'/; 
Weighs  only  19'/;  lbs. 


CML  MODEL  1210 


PORTABLE  STROBOSCOPE 


COMMUNICAIION  MEASUREMENTS  LABORATORY 


-  -  120  GREENWICH  STREET,  NEW  YORK  6.  N.  Y. 

Sales  Offices:  CHICAGO;  612  N.  Michigan  Ave— WASHINGTON:  924  19 A  St,  N.W. 
PHILADELPHIA;  Van  Dam  Building,  10th  and  Market  Sts. 


FIG.  2 — ImproTed  readability  and  two 
ranges  ore  prowided  by  this  clrciut 


Inquiries  Invited,  Descriptive  Bulletin  Available 
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This  newly  developed  stroboscope  employs  a  novel  circular  ar¬ 
rangement,  using  a  self-blocking  oscillator.  Rotary  or  vibratory 
motion  can  be  "stopped”  when  the  moving  object  is  examined 
with  stroboscopic  light  source.  The  speed  covered  is  from  600  to 
48,000  RPM  (10-800  CPS),  in  4  ranges.  A  synchronized  reed  is 
provided  for  accurate  calibration  against  the  line  frequency. 

A  valuable  aid  in  industry  for  the  slow-motion  study  of  rotating, 
reciprocating,  or  vibratory  mechanisms,  CMX  1210  is  also  useful 
for  studying  mechanical  stresses  and  strains  under  dynamic 
conditions. 

The  light  source  is  contained  in  a  probe  attached  to  a  4-foot 
flexible  cable.  This  unusual  feature  makes  CML  1210  especially 
useful  when  using  the  Stroboscopic  light  in  small  out-of-the-way 
places.  The  light  probe  and  cable  are  housed  in  the  cabinet  when 
the  Stroboscope  is  not  in  use.  The  handle  of  the  probe  is  then 
used  to  carry  the  instrument. 


OU  GET  QUALITY  PLUS  ENGINEERING  SERVICE  WITH  G-E  PERMANENT  MAGNETS 


The  heart  of  the  G-E  Automatic 
Coffee  Maker  is  a  tiny  but 
powerful  sintered.ALNICO  2 
magnet.  At  precisely  the  right 
moment,  it  shuts  off  the  current 
and  the  coffee  is  ready!  Press¬ 
ing  the  button  raises  the 
magnet  to  the  position  shown, 
where  it  is  held  by  attraction 
through  glass  to  the  nickel  disc 
at  the  bottom  of  the  siphon 
tube.  When  enough  pressure  is 
developed,  boiling  water 
surges  up  the  tube,  pulling  the 
disc  assembly  with  it.  Its  top 
magneticf^  support  gone,  the 
ALNICO  magnet  drops  and 
opens  the  contact  switch. 


G.E.’s  precise  quality  control  methods  used  throughout 
magnet  production,  plus  accurate  testing  and  rigid  inspection 
assure  you  of  receiving  magnets  of  the  highest  uniform  quality 
for  your  application. 

Greater  flexibility  of  magnet  design  is  possible  with 
the  many  G-E  permanent  magnet  materials  now  available. 
The  large  group  of  sintered  and  cast  ALNICO  alloys  has 
been  augmented  by  the  lightweight,  non-metallic  mixture, 
VECTOLITE,  and  by  the  duaile  permanent  magnets, 
CUNICO,  CUNIFE  and  SILMANAL.  From  such  a  wide 
choice  of  materials,  you  may  now  find  a  magnet  better  suited 
for  your  application  or  a  material  which  will  make  possible 
new  designs  heretofore  impractical  or  impossible. 

General  Electric  engineers,  backed  by  research  and 
application  experience,  have  acquired  years  of  "know-how” 
in  selecting  the  best  permanent  magnet  material  and  properly 
designing  magnets  for  thousands  of  products.  These  engi¬ 
neers  are  at  your  service. 


eliminate  your  magnet 

SUB-ASSEMBLY  PROBLEMS 

Consult  General  Electric  for  the  design 
and  manufacture  of  carefully  calibrated 
permanent  magnet  sub-assemblies,  ready 
for  your  final  product.  G-E  magnet  sub- 
assemblies  will  benefit  you  in  the  follow¬ 
ing  ways: 

•  Eliminate  your  assembly  line  rejects. 

•  Eliminate  calibration  problems  in  your 
factory. 

•  Eliminate  cost  of  production  and  testing 
equipment. 

•  Eliminate  breaking  and  chipping  losses 
on  brittle  magnetic  materials. 

•  Eliminate  expense  of  shipping  special 
trays  for  semi-finished  magnets. 

We  shall  be  glad  to  send  you  addition¬ 
al  information  about  G-E  permanent 
magnet  sub-assemblies  upon  request. 


For  detailed  information  about  G-E  permanent  mag-  I 
net  materials,  fill  out  and  return  the  coupon  to  Metallurgy  I 
Division,  Chemical  Dept.,  General  Electric  Co,,  Pittsfield,  Mass.  I 


METALLURGY  DIVISION 
CHEMICAL  DEPARTMENT 
GENERAL  ELECTRIC  COMPANY 
PITTSFIELD,  MASS. 

Please  send  me  your  bulletin,  GES-3337A,  “Per¬ 
manent  Magnet  Materials." 

NAME . 


COMPANY 


GENERAL 


ADDRESS 


STATE 


electronics  — fefiroory,  1947 


INDUSTRIAL  CONTROL  (conMnued) 

megohm  resistor  shown  in  Fig.  l 
may  be  omitted. 

Principle  of  Operation 

As  the  slide  of  the  potentiometer 
is  moved  from  terminal  B  toward 
terminal  A,  the  voltage  across  the 
lamp  incl’eases  until  a  puiui  ig 
reached  when  the  lamp  bursts  into 
a  glow'.  Suppose  that  this  point  is 
reached  when  the  slide  is  just  one- 
quarter  of  the  way  from  terminal 
B.  Then,  due  to  the  voltage  divider 
action  of  the  applied  voltage 
.across  A  and  B  must  be  four  times 
that  required  to  ignite  the  neon 
lamp.  After  the  lamp  has  ignited, 
the  divider  ratio  is  upset  due  to 
the  shunting  action  of  the  lamp, 
but  the  correct  position  of  the  slide 
is  obtained  just  before  the  upset¬ 
ting  takes  place. 

The  ohmic  value  of  the  potenti¬ 
ometer  is  not  critical.  Any  value 
from  100,000  ohms  to  five  megohms 
should  give  satisfactory  results. 
The  value  shown  in  Fig.  1  was 
chosen  since  it  provides  a  meter 
resistance  of  1,000  ohms  per  volt 
at  the  maximum  voltage  of  500 
volts  to  be  measured. 

An  alternative  circuit  is  shown 
in  Fig.  2.  This  has  the  advantage 
of  employing  the  full  use  of  the 
potentiometer  for  voltage  indica¬ 
tion  and  also  spreads  out  the  read¬ 
ings,  especially  in  the  higher  volt¬ 
age  part  of  the  scale.  If  the  igni¬ 
tion  voltage  of  the  lamp  is  70  volts 
d-c,  the  voltage  range,  when  ap¬ 
plied  across  terminals  A  and  B,  is 
70  to  210  volts;  if  voltage  is  applied 
across  terminals  2A  and  B,  the 
range  is  210  to  630  volts  d-c.  Other 
combinations  of  divider  ratio  and 
I  resistances  may  be  employed. 


ft"  SQUARE  X  1ft"  HIGH 


A  SCALE  DRAWING 


Though  small  in  size,  this  LF.  Transformer  by  Wright  &  Weaire  gives  the 
perfect  performance  Imd  is  ideal  when  layout  space  is  limited  as  in  ‘personal* 
receivers,'  “Walkie-Talkie**,  and  similar  equipment.  It  packs  complete 
reliability  into  its  small  compass  —  square  by  1^'  high.  Constructed  of  the 

finest  materials,  allied  to  up-to-the-minute  production  technique,  it  will  pass  all 
tests.  Write  to-day  for  full  details  ...  they*re  interesting.  Prompt  deliveries 
can  be  guaranteed. 


confidence  in  the  tropics.  Available  in  the 
following  preferred  frequencies  with  various 
degrees  of  coupling  : — 460  Kc/s,  1.6  Mc/s,  2.1 
Mc/s,  4.86  Mc/s.  The  response  curve  shown 
is  for  Type  M400  and  is  typical  of  the  whole 
series.  Nominal  frequency  is  460  Kc/s  hot 
is  adjustable  from  420  to  530  Kc/s  approx. 


Primarily  designed  for  nse  with  valves  of  the 
I.R5, 1.T4  and  I.S5  Series.  High  gain  and  selec- 
thrit  y  with  stability  are  obtainable .  Permeability 
tuning  is  employed  with  enclosed  type  cores 
and  the  necessary  fixed  condensers  *  built  in*. 
Coils  are  impregnated  and  can  be  used  with 


Calibration 


This  type  of  voltmeter  is  a  peak¬ 
reading  instrument  and,  if  the  cali¬ 
bration  is  made  with  d-c,  an  a-c 
scale  can  be  drawn  alongside  the 
d-c  scale  using  values  equal  to 
0.707  times  the  d-c  scale  values.  It 
is  desirable  to  calibrate  with  both 
a-c  and  d-c  if  practicable, 


since  a 

little  time  lag  is  inherent  in  these 
lamps  on  alternating  current  which 
may  produce  a  small  error  in  the 
calculated  a-c  scale. 

Having  a  variable  source  of 
known  voltages  connected  across 
terminals  A  and  B,  and  the  knob  of 


WRKtrr  «  WEAIRE  LTD..  740,  HIBN  ROAD,  TOTTENHARL  LONDON,  N.17.  EN6UND. 
FACTOBYi  SIMONSIDE  WOBKS  •  SOUTH  SHIELDS  •  CO.  1 


Trade  Mark  U  well-known  in  Britain  as  that  of  a  Companjr  i^o  are  responsible  for  the  Desi|^,  Development 
and  Manufacture  of  Tranuformer .  Vibrators,  Switches  and  Coils.  This  particular  component  of  real  miniatore 
dimensions,  yet  maintaining  highest  efficiency,  is  the  latest  development  of  their  Engineering  Dept,  and  is  backed 
by  26  years  experience  in  the  manufacture  of  Radio  and  Electronic  components. 


ELECTRONICS 


February,  1947 


N^KROY  IS  SUPPLIED  IN  SHEETS  AND  RODS 


MACHINED  OR  MOLDED  TO  SPECIFICATIONS 


70  CLIFTON  BOULEVARD  .  CLIFTON,  NEW  J 
Chicago  47:  1917  NO.  SPRINGFIELD  AVENUE. .TEI  Alboi 
Export  Office:  89  Brood  Street,  New  York  4,  N.  Y 


Extends  a  cordial 
invitation  •  •  • 
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INDUSTRIAL  CONTROL  ^  (coirtinu.d) 

the  potentiometer  turned  to  one 
extreme  position  so  that  the  move- 
able  contact  is  at  terminal  A,  the 
applied  voltage  is  raised  until  the 
neon  lamp  glows.  This  is  the  mini¬ 
mum  voltage  which  can  be  meas¬ 
ured.  The  applied  voltage  is  raised 
in  unifcrrm  steps,  and  at  each  volt¬ 
age  step,  the  potentiometer  knob  is 
turned  sufficiently  to  extinguish  the 
lamp,  then  turned  back  until  the 
lamp  glows.  This  position  of  the 
knob  pointer  is  marked  on  a  scale. 


Summofizififl  «  recenf 
culmincitbtg  our  tw«nty-y«or  botlcgroumi 
in  th«  foctuol  "know  how"  of  in^rumon* 
lotion  usod  in  rodksHon  physics. 


H«v«  yew  a  r«di- 
•tien  ntMtwring 
firoblemf  Our 
tloff  ef  radiation 
ghyticitU  oHors 
yaw  compolont 
tochnical  infer* 
Motien. 


64.  Offer*  a  high 
degree  ef  etabil- 
ily  and  perman¬ 
ence  with  a  pre¬ 
amplifier  and 
special  voltage 
regwiation  added 
featwres. 


Electronic  Ignition 
System 

An  electronic  ignition  system  for 
aircraft  was  produced  experimen¬ 
tally  at  the  end  of  the  war  by  the 
Bosch  firm  in  Reichenbach,  Ger¬ 
many,  according  to  report  PB- 
22^3,  Office  of  Technical  Services, 
Department  .  of  Commerce.  The 
system  is  said  to  eliminate  many 
of  the  deficiencies  of  conventional 
magneto  systems. 

In  the  circuit  a  capacitor  is 
charged  through  a  resistance,  and 
discharged  through  a  grid-con¬ 
trolled  tube  to  the  primary  of  the 
high  tension  coil  at  the  spark  plug. 
After  completion  of  the  discharge, 
the  grid  voltage  prevents  further 
passage  of  current  between  the 
anode  and  the  cathode  of  the  tube, 
thus  enabling  the  capacitor  charge 
to  be  built  up  again. 


Model  34* 
Voltage  regwialer 
wnit.  A  bank  ef 
seven  swbminia- 
Iwre  voltage  reg- 
wlater  twbes 
arranged  in  ane 
wnit  far  precision 
voltage  regw* 
latien. 


Model  311— 
Geiger  •  Mweller 
Twbe.  Owr  back- 
grewnd  in  fine 
twbe  predwetien 
offers  close  re- 
predweibility  of 
twbe  character¬ 
istics. 


Model  338  Clectronometer.  An 
elecfrenic  instrement  which  re¬ 
places  electrostatic  electrometers. 
Inpnt  resistance  10^  Ohms. 


ELECTRONIC  LATHE 


This  advertisement  merely  serves 
to  introduce  these  new  instru¬ 
ments  and  tubes  to  you.  For  com¬ 
plete  information,  prices  and 
deliveries  write  us  and  you  will 
receive  a  prompt  reply. 


Swbminiatwre 
electrometer  vac- 
wwm  twbes  (actwal 
sixe)  offer  an  ex- 
“panding  cancep- 
tian  af  cirewit 
development. 
Available  as> 
Diodes 
Triedes 
Tetrodes 
fentedes 


Ni-megehm  re¬ 
sistors  ef  stabil- 
ity  and  accwracy 
for  the  diffiewit 
applications. 
Vacwwm  sealed 
in  glass  with  spe¬ 
cial  swrface  treat¬ 
ment.  Valwes  100 
ta  10,000,000 
Megohms. 


Control  box  nnd  bead  of  10-inch  lath* 
luing  electronic  control  of  spindle  spee<i 
and  made  by  Monorch  Machine  Tool  Com¬ 
pany  of  Sidney,  Ohio 
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1.  LOW  LOSSES 

2.  FLEXIBILITY 

3.  DURABILITY 


KIO  . .%  th«  motl 
pepwlareabi* 
for  FM  and  AM  an* 
tonna  transmission  linos. 


Xntelin  coaxial  cables  are  especially  de¬ 
signed  for  high-frequency  transmission  line 
service  —  the  vital  link  between  transmitter 
and  antenna. 

Their  unusually  low  attenuation  losses,  ob¬ 
tained  by  careful  selection  of  dielectrics,  con¬ 
ductor  spacings,  and  rigid  quality  control, 
assure  the  most  efficient  transfer  of  energy 
with  minimum  radiation.  They  are  extra  flex¬ 
ible,  too  —  can  be  bent  without  cracking  at 


Conductor  —  wild  or  drandod. 
PolyoMiylono  DMoctric  botwoow  control  coit* 
doctor  and  ootor  braid. 

Coppor  Braid,  eloMly  wovon  ovor  dMoctric 
tboorit. 

Ootor  Jackot  of  Fodoral't  IN-1  OS,  a  pladk- 
itod  vinyl  rosin,  oxtromoly  dorablo  with  ro- 
OMrliablo  abrasivo  rosidonco,  and  highly 
rosMant  to  oiod  acids  and  alkalis,  smoky 
otmosphoroi,  oils  and  groosos. 


temperatures  as  low  as  minus  30°C.  Whatever 
your  operating  conditions,  you’ll  find  that  the 
extra  durability  of  Intelin  cables  —  their  out¬ 
standing  resistance  to  abrasion,  weathering  and 
corrosion  —  means  long  uninterrupted  service. 

Federal’s  complete  line  of  many  sizes  and 
types  of  coaxial  cables  enables  you  to  select  the 
transmission  line  for  practically  every 
fiqld  of  application.  Write  today  for  Bulletin 
D514  giving  complete  data  and  specifications. 


PARTIAL  LIST  OF  FEDERAL  CABLES  COVERING  POLICE.  BROADCAST  AND  AMATEUR  BAND 


High-Frequency  Coaxial  Cable  Data 


Tm.  Charactariitk  Capodtanc* 
■  ” -I  l—admca  Pw  FI. 


Attaituation 
Ob.  Par  100  Ft. 


Power  Rating 
Kdowaita 


Physical  0«menai«ns 


.425,  .83 


Corporal 


and  Radio 


Telephone 


wn 
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NATIONAL  RADIO  SERVICE  CO 


Baltimore  1  5,  Md 


Reitterstown  Rd.  &  Cold  Spring  Lane 


SPECIFICATIONS 


input— 115  V.  50-60  cycU 

REGULATION — Less  than  1/20  volt  change  in  output  voltage  with  change  of  from 
105-140  V.A.C.  input  voltage  t  from  NO-LOAD  to  FULL-LOAD  (over  very  wide 
latitude  at  center  of  variable  range) 

RIPPLE — Less  than  5  millivolts  at  all  loads  and  voltages 

DIMENSIONS— Pits  any  standard  rack  or  cabinet  (overall:  19  in.  wide;  12^  in.  high 
II  in.  deep;  shipping  wt. — 100  pounds) 

TYK  A— VARIABLE  FROM  210-335  V.D.C.  (g)  400  M.  A. 

TYK  Bl— VARIABLE— YWO  RANGES:  400-600  V.  D.  C.  (g>  125 
M.  A.  end  600-B90  V.  D.  C.  @  125  M.  A. 


CONSTRUCTION  FEATURES 

Weston  model  301  (or  equal)  milliammeter  and  voltmeter.  Separate  switches,  pilot 
lights,  and  fuses  for  FIL  &  PLATE  VOLTS.  All  tubes  located  on  shockmount  assemblies. 
Fuses  mounted  on  front  panel  and  easily  accessible.  Can  vary  voltage  by  turning 
small  knob  on  front  of  panel.  Can  modify  Type  Bl  from  POSITIVE  to  NEGATIVE  output 
voltage.  Individual  components  numbered  to  correspond  with  wiring  diagram. 

Rigid  construction:  components  designed  to  withstand  most  severe  military  conditions— 

Physical  &  electrical;  were  greatly  under-rated.  (Adapted  to  civilian  use  from  RADAR 
ower  Supply  RA-57.) 


A:  2-B36:  6-6L6;  2-6SF5:  1-VR150;  1-VR105 
I:  2-B36;  2-6L6;  2-6SF5;  1-VR150:  1-VR105 


Tube  complement: 


NET  miCBS—f.  O.  B.  BALTIMORE 

TYPE  A— $179.00  TYPE  11— $17! 

Complete  wHh  tabes  «Bd  reedy  fe  pieg  ie— Prices  sebieet  to  cheage  wHbeut  aetke 


Radio  detecting  bolometer  is  Inside  lha 
cooling  chamber  to  the  left.  The  output  of 
the  bolometer  and  of  a  communications 
receieer  were  fed  through  on  electronic 
switch  to  the  oscilloscope  and  observed 
to  be  the  some,  indicating  that  the 
bolometer  receives  and  detects  radio 
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lywwmmi^^ 

Shorter  and  shorter  wavelengths 


GENERAL 


MAKERS  OF  STEATITE.  TITANATES, ZIRCON  PORCELAIN,  ALUMINA,  LIGHT-DUTY  REFRACTORIES,  CHEMICAL  STONEWARE 


require  better  and  better  dielectrics 

. .  \/ww\ 


:s 
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ELECTRON  ART 


and  14.38  K,  this  change  in  resist, 
ance  being  detected  in  a  bridge.  In 
detecting  infrared  waves  the  bo¬ 
lometer  absorbs  the  infrared  waves, 
which  may  either  cause  the  ob¬ 
served  change  in  resistance  by 
changing  the  temperature  of  the 
bolometer  or  by  altering  tlie  elec¬ 
tronic  state  within  it.  As  a  de¬ 
tector  of  r-f,  the  bolometer  devel¬ 
ops  the  demodulated  signal  directly 
when  operated  within  a  region 
0.03  -K  wide  at  14.33  K.  Less 
than  a  milliampere  of  current 
through  the  bolometer  stops  the 
detection,  either  because  of  electri¬ 
cal  polarization  or  by  heating.  That 
detection  could  be  from  bimetallic 
contact  is  doubtful.  That  the  bo¬ 
lometer  should  develop  a  noticeable 
signal  from  the  r-f  is  especially  re¬ 
markable  in  that  it  is  within  a  re¬ 
frigerating  chamber  that  shields  it. 
The  rock  salt  window  through 
which  infrared  waves  are  focused 
on  the  bolometer  was  shielded  and 
the  output  leads  were  shielded,  but 
the  reception  of  r-f  was  unim¬ 
paired. 

Because  of  the  very  low  resis¬ 
tance  of  the  sensitive  element  of 
the  bolometer  at  the  low  tempera¬ 
ture  of  operation,  electrical  losse.s 
within  the  bolometer  are  low.  As 
the  energy  of  the  incoming  r-f  is 
amplitude  modulated,  it  is  under¬ 
standable  that  some  action  similar 
to  that  of  changing  the  intensity  of 
incident  infrared  waves  would  be 
produced.  However,  the  remark¬ 
able  sensitivity  of  the  element  to 
r-f  and  its  production  of  a  demodu¬ 
lated  signal  indicate  a  phenomena 
of  which  scientists  are  unfamiliar. 
The  bolometer  makes  possible  the 
detection  for  measurement  or  re¬ 
ception  of  extremely  weak  r-f  fields. 


fust  like  an  Adlake  Relay 


Silent,  positive  action  is  just  one  of 
many  Adlake  Relay  advantages! 

Other  important  ones  are: 

•  Hermetically  sealed  contact  mecha¬ 
nism — impervious  to  dust,  dirt  and 
moisture. 

•  Liqmd  mercury-to-mercury  contact 
— no  burning,  pitting  or  sticking. 

•  Armored  against  outside  vibration 
or  impact — designed  for  either  sta¬ 
tionary  or  moving  equipment. 

Remember,  whatever  your  relay  needs 
may  be,  there’s  an  Adlake  Relay  to  do 
the  job.  So  write  today  for  free,  illus¬ 
trated  folder.  No  obligation,  naturally. 
Address:  The  Adams  &  Westlake  Com¬ 
pany,  1107  N.  Michigan,  Elkhart,  Ind. 


Classroom  Demonstration  of 
Cathode  Follower 

High  input  impedance  of  a  cath¬ 
ode  follower  can  be  convincingly 
demonstrated  by  the  circuit  shown 
below.  The  60-cps  power  line  volt¬ 
age  is  fed  in  at  A.  The  first  tube 
clips  the  wave,  delivering  a  square- 
wave  to  the  second  tube,  which  is 
the  cathode  follower.  The  input  to 
the  cathode  follower  is  taken  off  at 
B  and  observed  on  an  oscilloscope. 
With  switch  S  open,  the  conductive 


ADLAKE  RELAY  MODEL  NO.  1040 


Established  1857  •  ELKHART,  INDIANA  •  New  York  •  Chicago 
Manufacturers  of  Adlake  HermetkaHy  Sealed  Mercury  ^Relays  for  Timing,  Load  and  Control  Circuits 
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Telerition  Triiu\niiiUi 


This  unit,  is  manufactured  to  furnish 
ranges  of  250  watts  and  upwards,  and  in 
power  ranges  coinciding  with  pott  er  tube 
development.  Individual  bays  of  additional 
power  can  be  incorporated  as  needed.  Ex¬ 
cept  where  additional  bays  may  be  re¬ 
quired.  however,  the  complete  unit  can 
be  controlled  by  a  single  licensed  operator. 


Master  Control  Board 


This  unit  includes  five  video  channels,  or 
as  many  as  desired.  It  also  includes  dissolv¬ 
ing,  shading,  blanking  controls.  Simplicity 
of  defign  enables  the  master  control  board 
to  be  operated  by  a  single  technician. 
^  A  sync  generator  and  monoscopc 

are  integral  parts  of  t.':-s  unit. 


Oelevidion  <^iudio  and 
ZJrandmitting,  Cquipment ! 


Efficient  operation  by  a  minimum  of 
personnel!  That  is  the  achievement  of 
the  improvements  both  in  technical  de¬ 
tails  and  design  which  distinguish  Sher- 
ron  Television  Studio  and  Transmitting 
Equipment.  Unnecessary  controls  and 
duplication  of  executive  supervision  are 
eliminated  . . .  All  Sherron  equipment  is 
designed,  developed  and  manufactured 
to  the  individual  manufacturer’s  speci¬ 
fications. 


Audio  Control  Console 


Sherron  unit  all 
M  controls  are  centrally 

9  located.  Under  usual 

conditions,  a  single 
control  operator  can 
meter  and  monitor  the  aural  program  with 
complete  ease.  Ordinarily,  this  unit  may  be 
adjacent  to  the  studio  control  console.  Thus, 
the  control  operator  may  receive  aural  in¬ 
structions  from  the  program  director  or,  if 
remotely  located,  by  inter-communication. 


Studio  Control  Console 


This  unit  is  especially  designed  to  afford 
exclusive  control  to  the  program  director  in 
charge  of  the  broadcast.  The  director  need 
not  be  a  technician.  His  sole  concern  is  the 
quality  of  the  broadcast.  He  does  not  oper¬ 
ate  the  controls  but  transmits  his  instruc¬ 
tions,  by  inter-communication ,  to  the  master 
control  and  studio  camera  men. 


Sherzon 

Electronics 


^  Division  of  Sherron  Metallic  Corporotlon 

1201  FLUSHING  AVENUE  •  BROOKLYN  6,  NEW  YORK 
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(continutd) 


IVlicah  is  Long-Lived  •  .  . 

Micoh  is  long-lived.  This  perennial  juvenile  has 

drunk  from  the  proverbial  fountain  of  youth  and 
-  -  - 

eschews  vitamin  pills  and  glandular  extracts.  Groy- 
bearded.old  men  remember  him  when  they  were 
still  in  swaddling  clothes!  It's  youth!  Youth!  Youth! 

And  mica  (without  the  "h")  is  long-lived,  too. 
Motors  and  such  may  wear  out,  coils  and  wire  may 
disintegrate,  but  mica  marches  on,  unchanged  by 
the  years.  Nothing  else  lasts  os  long,  nothing  else 
performs  as  well.  -There  is  no  substitute  for  mica. 
And  there  is  no  substitute  for  Macallen  Mica! 


When  You  Think  of  MICA,  Think  of  MACALLEN 


It  MACALLEN  STREET— BOSTON  27 

CHICAGO:  S65  W.  Washiniton  Blvd.  CLEVELAND:  1231  Superior  Ave. 


Hiqh  input  rvaiitonce  of  a  cathode  fol¬ 
lower  can  be  demonstrated  by  closing  the 
switch 


input  to  the  cathode  follower  so 
loads  the  clipper  tube  that  the  wave 
shape  at  (A)  is  obtained,  but  after 
S  is  closed  and  the  cathode  fol¬ 
lower  becomes  operative,  the  wave 
shape  changes  to  that  at  (B)  show¬ 
ing  the  increase  in  apparent  input 
resistance  introduced  by  the  cath¬ 
ode  current.  (The  Input  Impedance 
of  a  Cathode  Follower,  F.  Duerden, 
Electronic  Engineering ,  p  xiv,  Nov. 
1946). 


Calibrating  Laboratory 
Standards  Against 

By  Gardner  P.  Wilson 

Jfarai  Oriinanrr  Tettt  Station 
PoBadvna,  California 

Frequency  standards  in  laborato¬ 
ries  can  be  simply  and  rapidly  cali¬ 
brated  against  radio  station  WWV’s 
short-wave  broadcasts  by  using  an 
oscilloscope  as  a  watch  with  a  sec¬ 
ond  hand  revolving  100  times  a  sec¬ 
ond.  The  technique  reduces  obser¬ 
vational  errors. 

Propagation  Effects 

At  great  distances  from  WWV, 
signals  are  received  by  sky-wave 
reflections  from  the  ionized  layers. 
Variations  in  apparent  elevation  of 
these  layers  change  the  path  length 
of  the  radio  waves.  Often  these  va¬ 
riations  in  path  length  are  rapid  so 
that  the  standard  carrier  or  tone 
arrives  at  the  receiver  at  a  differ¬ 
ent  frequency  from  the  original. 
This  Doppler  effect  introduces  con¬ 
siderable  error  on  short  observa¬ 
tions  made  several  thousand  miles 
from  the  transmitter.  For  long  du- 
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“No  matter  how  you  look 
at  it,  Joe,  those  TUNG-SOL  Min¬ 
iature  Tubes  are  a  far  better  bet 
than  the  old  larger  types.  Better 
service  for  the  user,  more  com¬ 
pact  equipment  for  the  set  builder 
and  less  storage  space  for  the 
dealer  are  obvious  advantages, 
but  that  is  only  the  beginning. 

“TUNG-SOL  Miniatures  stand 
up  better  under  shock  and  vibra¬ 
tion.  You  see  they  are  more 
rigid  . . .  built  with  smaller 
lighter  parts.  Then  there  is 


the  glass  button  base.  It  not  only 
can’t  come  loose,  but  it  has  much 
better  dielectric  properties  than 
the  old  style  base*. 

“Now  take  high  frequency  cir¬ 
cuits.  You  know  how  important 
they  have  become.  TUNG-SOL 
Miniatures  are  doing  jobs  you 
couldn’t  even  begin  to  do  with  old 
fashioned  tubes.  The  shorter 


leads  on  the  Miniature  make  for 
low  lead  inductance  and  low 
inter-element  capacities. 

“Joe,  if  you  want  your  equipment 
to  be  modern  you  ought  to  con¬ 
sider  using  Miniatures.  TUNG- 
SOL  engineers  will  be  glad  to 
help  you  plan  the  circuits  and 
select  the  tubes.  You  can  talk  to 
them  in  confidence.’’ 


TUNG-SOL 


TUNG-SOL  lamp  works,  INC.,  NEWARK  4  ,,  N  E  W  JERSEY 

Sales  Offices:  Atlanta  •  Chicago  •  Dallas  •  Denver  •  Detroit  •  Los  Angeles  •  New  York 
Also  Manufacturers  of  Miniature  Incandescent  Lamps,  All-Glass  Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 


ELECTRONICS  — fetn/ory,  1947 


ELECTRON  ART 


(confinutd) 


High  input  reaiatonce  of  a  cathode  fol¬ 
lower  can  be  demonatrated  by  cloaing  the 
awitch 


Propagation  Effects 


At  great  distances  from  WWV, 
signals  are  received  by  sky-wave 
reflections  from  the  ionized  layers. 
Variations  in  apparent  elevation  of 
these  layers  change  the  path  length 
of  the  radio  waves.  Often  these  va¬ 
riations  in  path  length  are  rapid  so 
that  the  standard  carrier  or  tone 
arrives  at  the  receiver  at  a  differ¬ 
ent  frequency  from  the  original. 
This  Doppler  effect  introduces  con¬ 
siderable  error  on  short  observa¬ 
tions  made  several  thousand  miles 
from  the  transmitter.  For  long  du- 
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input  to  the  cathode  follower  so 
loads  the  clipper  tube  that  the  wave 
shape  at  (A)  is  obtained,  but  after 
S  is  closed  and  the  cathode  fol¬ 
lower  becomes  operative,  the  wave 
shape  changes  to  that  at  (B)  show¬ 
ing  the  increase  in  apparent  input 
resistance  introduced  by  the  cath¬ 
ode  current.  (The  Input  Impedance 
of  a  Cathode  Follower,  F.  Duerden. 
Electronic  Engineering,  p  xiv,  Nov. 
1946). 


Frequency  standards  in  laborato¬ 
ries  can  be  simply  and  rapidly  cali¬ 
brated  against  radio  station  WWV’s 
short-wave  broadcasts  by  using  an 
oscilloscope  as  a  watch  with  a  sec¬ 
ond  hand  revolving  100  times  a  sec¬ 
ond.  The  technique  reduces  obser¬ 
vational  errors. 


Calibrating  Laboratory 
Standards  Against 

By  Gardner  P.  Wilson 

Tiaval  Ordnance  Tent  Station 
Pasadena,  Calijornia 


THt 


Micah  is  Long-Lived  .  •  • 


Micah  is  long-lived.  This  perennial  juvenile  has 

drunk  from  the  proverbial  fountain  of  youth  and 

.  ,..w4 

eschews  vitamin  pills  and  glandular  extracts.  Gray- 
bearded,  old  men  remember  him  when  they  were 
still  in  swaddling  clothes!  It's  youth!  Youth!  Youth! 

And  mica  (without  the  "h")  is  long-lived,  too. 
Motors  and  such  may  wear  out,  coils  and  wire  may 
disintegrate,  but  mica  marches  on,  unchanged  by 
the  years.  Nothing  else  lasts  os  long,  nothing  else 
performs  as  well.  There  is  no  substitute  for  mica. 
And  there  is  no  substitute  for  Macallen  Mical 


When  Vou  Think  of  MICA,  Think  of  MACALLEN 


16  MACALLEN  STREET- BOSTON  27 


CHICAGO:  565  W.  Wuhington  Blvd.  CLEVELAND:  1231  SligM-lor  Av*. 
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ELECTRON  TUBES 


TUNG- SOL  LAMP  WORKS,  INC.,  NEWARK  4,  NEW  JERSEY 

Sales  Offices:  Atlanta  •  Chicago  •  Dallas  •  Denver  •  Detroit  •  Los  Angeles  •  New  York 
Also  Manufacturers  of  Miniature  Incandescent  Lamps,  All-Glass  Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 
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the  glass  button  base.  It  not  only 
can*t  come  loose,  but  it  has  much 
better  dielectric  properties  than 
the  old  style  base. 

“Now  take  high  frequency  cir¬ 
cuits.  You  know  how  important 
they  have  become.  TUNG-SOL 
Miniatures  are  doing  jobs  you 
couldn’t  even  begin  to  do  with  old 
fashioned  tubes.  The  shorter 


leads  on  the  Miniature  make  for 
low  lead  inductance  and  low 
inter-element  capacities. 

“Joe,  if  you  want  your  equipment 
to  be  modern  you  ought  to  con¬ 
sider  using  Miniatures.  TUNG- 
SOL  engineers  will  be  glad  to 
help  you  plan  the  circuits  and 
select  the  tubes.  You  can  talk  to 
them  in  confidence.*’ 


“No  matter  how  you  look 
at  it,  Joe,  those  TUNG-SOL  Min¬ 
iature  Tubes  are  a  far  better  bet 
than  the  old  larger  types.  Better 
service  for  the  user,  more  com¬ 
pact  equipment  for  the  set  builder 
and  less  storage  space  for  the 
dealer  are  obvious  advantages, 
but  that  is  only  the  beginning. 


“TUNG-SOL  Miniatures  stand 
up  better  under  shock  and  vibra¬ 
tion.  You  see  they  are  more 
rigid  .  . .  built  with  smaller 
lighter  parts.  Then  there  is 


LONG 

LAST! 


ANDREW  CO. 


363  EAST  75th  STREET  •  CHICAGO  19 


ELECTRON  ART  (continutd) 

ration  observations,  average  re¬ 
ceived  frequency  is  identical  to  that 
transmitted. 

Because  the  standard  frequency 
arrives  at  the  receiver  by  several 
different  paths,  fading  occurs, 
which  at  times  causes  the  signal  to 
disappear  and  reappear  tviUi  large 
phase  shifts.  The  phase  shift  is 
very  apparent  when  using  an  oscil- 
loscope  to  view  the  received  wave. 
These  fades  and  shifts  make  it  ex¬ 
tremely  difficult  to  observe  sinusoi¬ 
dal  waves  for  enough  time  to  deter¬ 
mine  average  frequency  and  keep  a 
particular  reference  crest  or  hollow 
of  the  received  signal  on  oscillo¬ 
scope  screen. 

Attempts  to  use  either  carrier  or 
modulation  of  WWV  as  reference 
for  calibration  of  laboratory  stand¬ 
ards  in  Pasadena,  California,  ap¬ 
proximately  2,500  miles  from  the 
source,  gave  unreliable  results  be¬ 
cause  of  the  above  difficulties.  Dopp¬ 
ler  frequency  shifts  of  about  one 
part  in  10,000  were  observed  on  all 
short  waves  and  on  the  tone  modula¬ 
tion  frequencies. 

Observational  Method 

One  possibility  of  minimizing  ef¬ 
fects  of  fading  and  momentary  fre¬ 
quency  shift  is  to  divide  the  ticks 
transmitted  for  0.005  sec  every  sec¬ 
ond  by  WWV  to  run  a  synchro¬ 
nous  electric  clock.  This  procedure 
requires  extra  equipment  and  ne¬ 
cessitates  taking  observations  over 
a  period  of  many  days  to  obtain 
suitably  high  accuracy;  it  gives  no 
information  about  short  time  errors 
in  the  laboratory  standard,  such  as 
crystal  oven  temperature  cycling  or 
line  voltage  variations. 

A  more  satisfactory  method  is  to 
feed  the  100  cps  signal  from  the  lab¬ 
oratory  stai.dard,  which  usually  has 
outputs  of  10,000,  1,000  and  100 
cps  in  addition  to  the  generated 
100,000  cps,  to  the  vertical  plates 
on  an  oscilloscope,  and  to  the  hori¬ 
zontal  plates  by  way  of  a  90  deg 
phase  shifting  circuit  (an  0.05  id 
capacitor  in  series  with  a  4,000 
ohm  resistor)  so  as  to  produce  a 
100  cps  circle  on  the  oscilloscope, 
comparable  to  a  hand  of  a  watch 
that  makes  100  rps.  In  addition, 
audio  output  of  a  communications 
receiver  tuned  to  WV/V  is  applied 
to  one  set  of  deflection  plates  of  the 
oscilloscope.  One  second  tick  from 
WWV  then  appears  as  a  wave  ex- 


eral  times  its  price.  Here  is  the  ideal' 
communications  antenna  for  police, 
fire,  forestry,  railroad  and  aviation 
services. 

Here’s  why  this  antenna 
is  unusually  satisfactory: 

•  Perfect  impedance  matching  elimi¬ 
nates  tricky  adjustment  of  loading.  Users 
report  transmitter  loads  the  same  on 
antenna  and  dummy,  regardless  of  line 
length. 

•  Improved  signal  strength  over  ordi¬ 
nary  coaxial  or  other  dipole  antennas. 

•  Grounded  radiating  element  provides 
static  drain,  improving  signal  to  noise 
ratio  and  minimizing  lightning  hazard. 

•  Weighs  only  20  pounds  with  clamps. 
Easy  to  install. 

•  Inexpensive.  Antenna  costs  only 
$60.00,  mounting  clamps  $6.00,  trans¬ 
mission  line  adaptor  kit  $6.00  (specify 
size  and  type  of  Line).  * 


Greeted  with  a  flood  of  orders  when 
introduced  lost  year,  the  popular 
Andrew  Folded  Unipole  Antenna 
now  is  flowing  off  the  production 
line  at  a  rate  which  permits  immedi¬ 
ate  shipment  from  stock. 

Used  for  transmitting  and  receiving 
in  the  30  to  44  MC  and  72-76  MC 
frequency  ranges,  it  easily  outper¬ 
forms  other  antennas  selling  at  sev- 


SEND  IN  YOUR  ORDER  NOW 


for  •Rectiv*  tolution%  to  your  antenna  problemt 
consult  Andrew  Co.,  designer*,  engineer*  and 
builders  of  antenna  equipment.  Expert  factory 
installation  service  available. 
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...FOR  DETECTION  AND  MEASUREMENT 

Of  RADIOACTIVITY! 


GG-304 


GB-302 


Gb-3! 


i  - 


APPLICATIONS  OF  SYLVANIA  GEIGER-MUELLER  TUBES,,, 


‘Z’jr  i 


|yini«  'Riy^Jt‘302  is  fcheu&ihr  xopnter«  util* 
iog  a  Ain  hsk  ruffed  ^srindow  of  asetal  foil.  It 
uH^tremely  sensAre  to  the  beta^adiation  of  the 
mi^cffity  of  avaSahle  adiuaetfre  botopes. 

The  GB*302  will  be  particulariy  valuable  in 
^cer  teehniquM,  md  b  also  well  adapted  to 
ical  diagaoatie  and  therapeuA^l  uses. 


ing  coaipimott  to  Ae  ^B*302.  It  b  useful  in  rj^ 
ilinlfgidial  iafrtj  surveys  ad  ether  applications 
whoa  gamma  radiation  most^be  elfici^tly  meas* 
ured.  In  additi<m,  Sylvaoa  Ibhe  GG*304  can  be 
used  for  cossoic  ray  studies,.ospecially.in 
coincidence  worit.  ,  - 


Wrbe  far  fiJl  tfetglfs. 


"i  b  \  \  ,  W  '  a 

:  L  -<  7/  \  \  ^ 

£■  -iWpgfrpgr-'  '■ 

F.lrrlroiiirs  Divisitm  .  .  .  .>00  77///i  li'PfiH#*,  Apic  ^  ork  IH,  A;  1. 


^  UARERS  OF  ELECTRONIC  DEVICES:  RADIO  TUBES;  CATHODE  RAY  TUBES:  FLUORESCENT  LAIRDS.  FIXTURES.  WIRINS  OlV^b;  E 
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In  his  business  —  just  like  yours  these  days  —  he  is 
always  running  out  of  supplies  and  parts  he  needs 
in  a  hurry.  Yet  customers  have  to  be  satisfied. 

Well,  he  doesn’t  have  a  nervous  breakdown.  He 
doesn’t  lose  customers.  Instead,  he  gets  what  he  needs 
when  he  needs  it  by  specifying  Air  Express  delivery. 

“Air  Express,”  he  said,  “is  like  reaching  out  to 
any  supplier’s  warehouse  wherever  it  is  —  and  pick¬ 
ing  up  just  what’s  wanted.  Air  Express  puts  the 
most  distant  suppliers  right  next  door'* 

Air  Bcpress- it's  Good  Business 

•  Low  rates.  •  Special  pick-up  and  delivery  at  no  extra  cost. 

•  Direct  by  air  to  and  from  principal  U.  S.  towns  and  cities. 

•  Air-rail  to  23,000  oflNairline  communities. 

•  Direct  air  service  to  and  from  scores  of  foreign  countries. 

Just  phone  your  locals  Air  Express  Division,  Railway  Express 

Agency,  for  fast  shipping  action  .  .  .  Write  today  for  Air  Express 
Rate  Schedules  containing  helpful  shipping  aids.  Address  Air  Express, 
230  Park  Avenue,  New  York  17,  N.  Y.  Or  ask  for  them  at  any  Airline  or 
Railway  Express  Office.*  Air  Express  Division,  Railway  Express 
Agency,  representing  the  Airlines  of  the  United  States. 


ELECTRON  ART  (continusd) 

tending  half  way  around  the  circle 
and  repeating  itself  every  100  revo¬ 
lutions.  If  the  laboratory  standard 
is  precisely  on  frequency,  the  wave 
will  appear  stationary,  however  any 
drift  will  ‘  appear  multiplied  100 
times,  simplifying  observation  of 
errors.  If  the  beginning  of  the  tick 
is  used  as  the  reference  point,  and 
if  the  reference  point  drifts  36 
deg.  in  100  sec.,  the  laboratory 
standard  is  in  error  one  part  in  100,. 
000.  Shorter  intervale  can  be  used 
I  for  observations  and  good  accuracy 
obtained  for  checking  oven  cycling 
and  line  voltage  variation  effects 
on  the  laboratory  standard. 

Accuracy  of  the  one  second  tick 
from  WWV  for  any  one  second  is 
within  0.00001  sec.  (one  part  in 
100,000).  An  observation  100  sec. 
long  will  reduce  this  error  to  one 
part  ih  10,000,000.  The  longer  the 
observation,  the  smaller  the  error 
becomes  in  comparison  with  other 
fixed  errors.  Changes  in  radio  path 
length  affect  arrival  time  of  ticks 
in  the  same  manner  as  they  do  the 
carrier.  The  variation  introduces 
random  movement  of  the  tick  wave 
around  the  100  cps  circle,  usually 
within  five  degrees  of  arc.  How¬ 
ever,  the  average  point  can  readily 
be  seen.  Fading  will  often  cause 
the  tick  wave  to  disappear  in  part 
or  altogether,  but  it  will  reappear 
and  the  reference  cycle  can  easily 
be  identified. 

It  is  wise  precaution  when  mak¬ 
ing  these  measurements  to  make  a 
rough  check  that  one  second  ticks 
are  not  appearing  every  99  or  every 
101  revolutions  of  the  oscilloscope 
trace.  A  Lissajou  pattern  using  the 
tone  modulation  and  the  local  100 
cps  will  give  a  quick  check.  Best 
receiver  tuning  for  viewing  the  tick 
is  with  the  receiver  exactly  cen¬ 
tered  on  the  carrier  frequency, 
half  way  between  tone  modulation 
sidebands.  This  tuning  can  easily 
be  verified  by  oscilloscopic  observa¬ 
tion  as  the  receiver  is  tuned. 

Impedance  Measurements 

Electrical  impedances,  whether 
they  are  resistances,  inductances, 
or  capacitances,  can  be  quickly 
measured  by  varying  a  known  im¬ 
pedance  to  produce  a  squarewave 
trace  on  a  cathode-ray  oscilloscope. 
The  circuit  for  making  such  meas- 
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CONCENTRICITY  ••• 

For  Uniform  Transmission  Characteristics 
in  High  Frequency  Lines 

In  coaxial  cables,  more  than  in  any  other  types,  accurate  relationship 
between  the  component  parts  is  essential. 

Concentricity  and  uniformity  of  conductors  and  dielectric  join  in  Ana¬ 
conda  Coaxials  to  effectively  fulfill  the  objectives  of  electrical  designers. 

Each  type  is  specifically  designed  to  serve  best  in  the  intended  applica¬ 
tion.  All  electrical  characteristics  are  held  within  close  limits  to  uniform 
standards  assuring  accurate  surge  impedances. 

In  addition  to  manufacturing  standard  types  of  coaxial  cables,  Anaconda 
offers  research  and  engineering  facilities  to  meet  needs  for  specialized  types. 

A 

AmatohdA 

ANACONDA  WIRE  &  CABLE  COMPANY 

General  Offices:  25  Broadway,  New  York  City  4 
Subsidiary  of  Anaconda  Copper  Mining  Company 
Chicago  Office:  20  North  Wacker  Drive  6  •  Sales  Offices  in  Principal  Cities 


Write  for  these  useful,  new  folders  containing 
characteristics  of  Anaconda  high-frequency  co¬ 
axial  cable  and  television  lead-in  lines.  Address: 
Anaconda  Wire  &  Cable  Company,  2S  Broadr 
way.  New  York  4,  N.  Y, 
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SQUAREWAVE 

OUTPUT 


Impedances  can  Be  measured  in  a  bal¬ 
anced  attenuator  by  adiusting  ior  the  con¬ 
dition  at  which  a  compiM  input  wave¬ 
shape  is  reproduced  in  the  output 


urements  is  shown  in  the  accom¬ 
panying  drawing,  where  the  two 
Capacitors  could  be  replaced  by  two 
inductors  if  desired.  It  should  be 
noted  that  if  inductors  are  used, 
their  inherent  resistances  can  be 
used  for  Ri  and  Ri,  obviating  the 
need  for  connecting  separate  re¬ 
sistors. 

Th^  circuit  operates  as  a  bal¬ 
anced  attenuator.  A  squarewave  of 
any  convenient  frequency  is  ap¬ 
plied  to  the  input.  The  output  is 
connected  to  the  vertical  deflection 
channel  of  an  oscilloscope  the  saw¬ 
tooth  sweep  of  which  is  synchron¬ 
ized  to  the  squarewave.  Impedances 
of  the  measuring  network  are  ad¬ 
justed  until  a  squarewave  is  dis¬ 
played  on  the  oscilloscope,  under 
which  condition  iJiCi  =  RiC,  or  R^L^ 
=  RJji,  where  these  values  are  ef¬ 
fective,  including  stray  imped¬ 
ances.  Any  of  the  impedances 
can  be  varied,  preferably  one 
that  is  grounded.  If  the  reactance 
across  the  lower  portion  of  the  net¬ 
work  is  too  large,  the  output  square- 
wave  will  be  peaked  at  its  rising 
edge;  if  that  reactance  is  too  small, 
the  output  will  be  rounded  at  the 
rising  edge.  (U.  S.  Patent  2,409,419 
granted  15  October  1946  to  Peter 
S.  Christaldi,  assignor  to  Allen  H. 
DuMont  Lab.,  Inc.) 


For  applications  such  as  time  delay  relays, 
where  automatic  re-setting  is  required,  HAY- 
DON  engineers  have  built  into  the  ;^1600 
series  gear  unit  a  magnetically  operated 
counterbalanced  gear  shift.  This  automatic¬ 
ally  engages  and  disengages  the  gear  train 
when  the  motor  field  is  energized  and  de¬ 
energized.  The  drive  shaft  is  then  reset  back 
to  starting  position  by  an  external  spring.  It 
gives  uniform  engaging  and  disengaging 
action,  irrespective  of  the  mounting  position 
of  the  motor. 


*  This  construction  is  available  in  speeds 
from  15  RPM  down  to  one  revolution  in 
10  minutes. 


Write  for  the  new  HAY  DON  cata¬ 
log  for  detailed  description  of 
this  and  other  HAY DON  timers. 


Radio  Reflection  from  the 
Moon 

By  ZoLTAN  Bay 

Technical  University 
Budapest,  Hungary 

Experiments  to  observe  reflection 
of  120-mc  radio  waves  from  the 
moon,  started  in  the  summer  of 
1944  but  interrupted  until  August 

1945,  succeeded  on  February  5, 

1946.  Theoretical  considerations  in¬ 
dicated  that  a  long  transmitted 
pulse  and  a  narrow  received  band¬ 
width  prior  to  detection  were  re- 
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quired  for  high  signal-to-noise  ra¬ 
tio.  However,  it  was  necessary  to 
use  a  broadband  receiver  because 
of  anticipated  drift  of  transmitter 
frequency. 

To  obtain  a  signal  despite  the 
noise,  a  method  of  cumulation  was 
used.  As 'conventionally  used  in  ra¬ 
dar,  cumulation  is  provided  by 
long-persistence  cathode-ray  tubes; 
the  signal  luminescence  is  integ¬ 
rated  but  the  noise  luminescence  is 
averaged.  Thus  the  improvement 
in  signal-to-noise  is  a  function  of 
the  time  over  which  integration  is 
carried. 

.  Calculations  indicated  that  it 
would  be  necessary  to  perform  the 
integration  for  about  an  hour.  Ca¬ 
pacitance  circuits  were  considered 
unsatisfactory,  so  an  electrochemi¬ 
cal  method  of  cumulation  was  used. 
A  Bank  of  hydrogen  coulometers 
were  sequentially  switched  to  the 
receiver  output  .*nd  timed  so  that 
the  same  one  would  always  be  con¬ 
nected  when  the  reflection  was  re¬ 
ceived.  In  operation,  four  percent 
more  hydrogen  was  separated  in 
the  coulometer  receiving  the  signal 
than  in  the  others,  with  a  probable 
error  of  one  percent.  The  signal-to- 
noise  ratio  obtained  in  this  way 
corresponds  to  the  theoretically 
computed  ratio.  The  equipment  is 
being  used  to  measure  solar  radia¬ 
tion  at  2.6  meters,  which  is  being 
correlated  with  solar  activity. 


Beyond 


We  can  venture  into  the  UNKNOWN  in 
any  branch  of  research  only  as  fast  as  we 
can  MEASURE  each  new  conquest. 


New  Hathaway  instruments  are  being  de¬ 
veloped  and  standard  designs  are  being 
constantly  improved  to  keep  abreast  of  the 
expanding  demands  of  modern  research. 


Whatever  your  requirements  may  be  in  spe¬ 
cial  instruments  for  measurement  or  control 
let  Hathaway  instrument  engineers  help  you. 


Microwave  Spectroscope 

Using  wavelengths  between  1.2 
and  1.6  cm  generated  by  a  klystron 
oscillator,  complex  hydrocarbon 
molecules  can  be  nondestructively 
identified.  The  equipment  consists 
of  the  elements  shown  in  Fig.  1. 
The  oscillator  and  the  trace  of  the 
cathode-ray  tube  are  swept  in  syn- 
chroni.sm  by  the  .sweep  generator. 
Microwave  energy  passes  through 
the  15-ft.  waveguide,  containing 
the  gas  to  be  analysed,  to  the 
crystal  detector. 

The  gas  selectively  absorbs  fre¬ 
quencies  that  are  characteristic  of 
its  molecules.  Thus  the  output  de¬ 
veloped  by  the  crystal  and  dis¬ 
played  on  the  crt  as  a  function  of 
frequency  is  indicative  of  the  gas 
under  test.  To  obtain  high  selec¬ 
tivity,  the  gas  is  at  low  pressure, 
about  0.1  mm  of  mercury.  The 


Hachaway  Type  SS-B 
12'elemcnt  oscillograph- 
one  of  a  complete  line  of 
recording  oscillographs 


You  can  rest  assured  that  you  will  find  in 
any  Hathaway  instrument  the  most  advanced 
design,  and  the  most  exacting  craftsmanship. 

WRITE  FOR  TECHNICAL  BULLETIN  SP-16S 


INSTRUMENT  COMPANY 

1315  SO.  CLARKSON  STREET*  DENVER  10,  COLORADO 
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COtCATE 


MANY  MANUFACTURERS  have  asked  us 
whether  it  is  possible  to  make  an  assembly  or 
part  in  another  metal  temporarily,  and  still 
use  the  fabricating  and  stamping  tools,  when 
the  time  comes,  for  the  preferred  metal. 

It's  not  only  frequently  possible . . .  Colgate  is 
doing  it.  By  designing  double  purpose  dies 
so  that  they  may  be  used,  during  this  interim 
period  with  a  second -choice  material,  and 
later  converted,  Colgate  is  breaking  the 
bottleneck  of  the  metals  shortage. 


Dies  engineered  to  serve  a  double  purpose  is 
)ust  one  example  of  Colgate  Engineered 
Service  in  sheet  metal  fabricating  and  stamp¬ 
ing  of  aluminum,  magnesium,  stainless  steel 
and  many  other  light  metals. 

If  your  product  is  ordinarily  made  of  steel 
(let's  say),  perhaps  some  other  material  could 
be  used.  Then,  when  steel  becomes  available, 
in  many  cases  the  tools  can  be  converted,  at 
reasonable  cost,  through  Colgate's  Engineered 
Service.  Write  for  more  information. 


STAMPING'  •  FORMING 


DRAWING  •  WELDING  •  FINISHING 
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QUAKER  CITY  GEAR  WORKS 
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FkiU<i•lpKRa.^  Penna. 


Yours  for  me  asking 


A  new  informative  booklet  on  gears. 


It  has  illustrated  sections 


practically  every  known  form  of  gearing, 


together  with 


many 


reference 


tables  and  formulas.  Write  for  your  copy 


today  on  your  company  stationery. 


n 


uaker  City  Gear  Works 


NCORPORATED 


1910  N.  Front  Street,  Philadelphia  22,  Pa. 


ELECTRON  ART 


(continutd) 


FIG.  1— Boalc  compoarals  of  adcrowaTe 
■peetrogroph 

collision  frequency  of  the  gas 
molecules  should  be  less  than  the 
^operating  frequency. 

Ammonia,  observed  to  absorb 
microwaves  about  ten  years  ago 
{Phys  Rev,  p  234  45  1934),  has  been 
found  to  have  30  different  absorp¬ 
tion  lines  in  the  region  of  operation 
of  the  microwave  spectrograph 
developed  by  Dr.  William  E.  Good, 
physicist  at  Westinghouse  Re¬ 
search  Laboratory.  Water  vapor, 
acetone,  cyanogen  bromide,  and 
carbonyl  sulfide  have  also  been 
identified  by  the  technique.  Other 
molecules,  especially  organic  gases 
having  dipole  moments,  can  be 
identified  by  the  spectroscope. 

In  making  measurements,  gas  is 
admitted  to  the  waveguide  gas  cell, 
which  is  sealed  with  plastic  tape  at 
its  ends.  The  absorption  is  shown 
as  a  series  of  vertical  deflections  on 
the  crt.  These  lines  are  compared 
to  those  obtained  from  samples  of 
known  gases.  Photographic  records 
can  be  made  as  shown  in  Fig.  2. 

Selective  absorption  of  electro¬ 
magnetic  radiation  at  wavelengths 
between  a  millimeter  and  a  centi- 


FIG.  2 — ^PhotograpUng  mfcrowave  otb* 
sorption  bonds  os  displayed  on  cothode- 
ray  tube 
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INVESTIGATE  AND  INSIST  ON 
PROOF  DY  TRIAL  —  WITH  AUTOMATIC 
OR  HAND-OPERATED  APPARATUS 


Have  you  soldering,  brazing,  surface-hardening,  annealing  or  other 
beat-treating  operations?  Or  do  you  use  heat  to  treat  nun-metallic 
substances  such  as  plastics,  plywood,  rubber,  etc.? 


It  is  quite  possible  that  you  can  use  electronic  heating  apparatus  for 
these  operations,  profiubly  replacing  older  and  slower  heating  methods. 
The  savings  and  increased  efficiency  are  decidedly  worthwhile.  The 
speed-up  in  production  is  as  great  as  700%  in  some  instances.  Work  that 
formerly  took  minutes  or  hpurs  now  requires  only  SECONDS. 

Investigate  the  possibilities  of  high  frequency  heating  for  your  produc¬ 
tion.  But  be  sure  to  get  plenty  of  sound  experienced  advice  before  you 
buy.  Don't  just  buy  a  "machine."  Let  our  engineers  prove  to  you  by 
actual  demonstration  under  your  own  conditions,  how  Scientific  Electric 
equipment  fits  your  exact  needs.  Remember,  there  is  no  such  thing  as  an 
all-purpose  electronic  heater.  Each  individual  operation  and  each  factor)’ 
produaion  set-up  requires  a  specific  type  of  installation,  with  the  proper 
combination  of  frequency  and  power  output.  Consult  us  without  obliga¬ 
tion.  We  w’ill  engineer  the  right  installation  to  your  particular  require¬ 
ment  Buy  nothing  till  we’ve  PROVED  IT  BY  TRIAL  for  you. 


NOW— IMMEDIATE  DEUVERY 


SeUatMk  Clactrie  EUeh-eale  Haatars  or* 
moda  ia  tka  fellowia9  roa^a  of  powar: 

l—3—5—7'/i—IO-l2l/2—l5—l$—25— 
40— M^-80— 100— 250KW.  — and  ranga 
of  fraquancy  up  to  30  Magacyclas 
dapanding  on  powar  raquirad. 
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meter  by  water  vapor  in  the  atmos¬ 
phere  has  been  observed  with  radar 
(Trans  A.  I.  E.  E.,  p  209  April 
1946).  Recently  it  was  shown  that 
the  same  technique  could  also  be 
used  to  measure  pressure  and  rale 
of  diffusipn  of  gases  (Jour  Appi 
Phys,  p  495  June  1946).  ^Atoms 
can  rotate  about  the  intramolecular 
bonds,  as  is  done  in  dielectric  ab¬ 
sorption.  However,  if  the  resonant 
frequency  of  the  bond  rotation, 
determined  by  the  force  of  the  bond 
and  the  masses  of  the  atoms,  is 
•used  in  exciting  the  molecule,  the 
absorption  of  energy  will  be  very 
large.  Measurements  of  frequency 
and  absorption  at  these  resonant 
points  indicate  the  internal  con¬ 
struction  of  molecules.  The  tech¬ 
nique  might  be  extended  to  use  of 
ultrasonic  vibrations  as  well  as  to 
electromagnetic  vibrations  to  fur¬ 
ther  separate  phenomena  associ¬ 
ated  with  purely  mechanical  causes 
from  those  from  electrical  causes 
(Jour  Aco  Soc  Am,  p  285  Jan 
1946).  As  each  gas  molecule  has 
its  characteristic  resonant  frequen¬ 
cies  and  energies  of  absorption,  a 
study  of  the  absorptions  of  micro- 
waves  serves  to  identify  the  gases 
present  in  the  sample. 


o  other  part  of  a  modem  phonograph 
is  so  important  as  the  small  crystal  cartridge  mounted 
in  the  pickup  or  reproducer  arm.  This  cartridge  is  the 
pulsating  head  of  the  instmment  and  upon  the  degree 
of  efficiency  of  its  operation  depends  the  quality  of 
reproduction. 

It  is  not  surprising,  therefore,  that  many  radio-phono¬ 
graph  manufacturers  and  engineers  are  expressing 
intense  interest  in  Astatic's  new  Nylon  1-J  Phonograph 
Pickup  Cartridge.  Designed  with  Nylon  Chuck  and 
MATCHED,  sapphire-tipped,  knee-action  Nylon  Needle, 
this  cartridge  improves  performance  with  respect  to 
needle  life  and  frequency  response,  suppresses  me¬ 
chanical  resonance,  improves  tracking  at  low  needle 
pressure  and  reduces  record  wear.  Other  important  ad¬ 
vantages  and  details  concerning  Asiatic's  new  Nylon 
Cartridge  are  given  in  special  literature  now  available. 


Modulation  of 
Concentrated-Arc  Lamp 

Concentrated-arc  lamps'  have 
two  electrodes  sealed  into  an  argon- 
filled  glass  bulb.  The  radiation 
emitter  is  a  thin  film  of  molten 
zirconium,  a^  cloud  of  ionized  zir¬ 
conium  vapor,  and  the  excited 
argon  gas.  The  diameter  of  the 
2-watt  lamp  is  0.003  in.,  affording 
virtually  a  point  source*’  *  of  light. 
Radiation  from  the  molten,  incan¬ 
descent  zirconium  has  a  continuous 
spectral  distribution  extending 
from  2,500  A  in  the  ultra-violet, 
through  the  visible  spectrum, 
reaching  a  maximum  near  10,000  A, 
and  continuing  into  the  infrared  to 
5  microns  where  it  is  cut  off  by  the 
glass  of  the  bulb.  In  addition,  the 
mixed  vapor  gives  all  the  usual  zir¬ 
conium  and  argon  lines  distributed 
chiefly  between  0.7  and  0.9  micron. 
Radiation  from  the  molten  zircon¬ 
ium  shows  a  rapid  decrease  in 
modulation  percentage  with  in¬ 
crease  in  frequency  and  spectral 
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HAVE  YOU  RECEIVED  YOUR  FREE  COPY? 


A  booklet  of  information  on  the  ELECTRONICS  Buye^'*  Guide  is  now  avail¬ 
able.  It  contains  facts  about  the  value* and  use  of  theJ‘Cuide”.  .  .  gives  reasons 
why  the  “Guide”  is  a  “must”  medium  in  electronic  and  allied  fields. 

MANUFACTURERS:  This  booklet  shows  .  .  .  the  unique  value  of  the  “Guide” 
in  selling  both  name  and  product .  . .  the  t^>e  of  information  your  advertising 
should  supply  .  .  .  why  the  men  who  design-in,  specify,  and  buy  in  electronic 
fields  use  the  “Guide”  as  their  year  Vound  reference  book. 

ADVERTISING  AGENCIES:  This  booklet  provides  basic  facts  on  how  the  “Guide” 
influences  all  the  buying  factoi^n  electronic  fields.  It  includes  the  results  of 
a  survey  among  ELECTRONICS’  subscribers  revealing  their  appraisal  of  the 
“Guide”  as  a  source  of  bui^g  information,  their  evaluation  of  the  advertising 
content,  and  their  need&m  catalog  type  presentations.  Be  sure  to  send  now  for 
this  free  booklet  ofynormation  on  the  facts,  value,  use,  mechanical  require¬ 
ments,  rates,  etc.,^  the  .  . . 
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FIG.  1 — ^Modulotion  retpont*  of  fhe  2-watt 
lamp  when  used  with  an  antimony  photo¬ 
tube 

wavelength ;  radiation  from  the  gas 
and  vapor  can  be  almost  completely 
jnodulated  at  all  audio  frequen¬ 
cies**  *.  The  resultant  modulation 
in  a  special  application  is  shown  in 
Fig.  1. 

Frequency  characteristics  of  a 
system  using  the  concentrated-arc 
lamp  and  a  phototube  depend  on 
the  spectral  response  of  the  photo¬ 
tube.*  The  blue-sensitive  antimony 
tube  is  preferable  to  the  red-sensi¬ 
tive  caesium  type.  Although  the 
modulated  radiation  increases  with 
increasing  wattage  of  the  lamp, 
the  percent  modulation  obtainable 
decreases.  Percentage  modulation 
can  be  increased  by  increasing  the 
gas  pressure.  The  dynamic  rela¬ 
tion  between  radiation  and  modu¬ 
lating  current  not  being  linear, 
there  is  some  modulation  distortion, 
chiefly  second  harmonic. 

When  operated  at  50  percent 
modulation,  all  lamps  have  an  in¬ 
ductive  impedance,  the  larger  lamps 
having  less  impedance.  As  shown 
in  Fig.  2,  there  is  a  frequency  at 
which  the  lamp  has  minimum  im¬ 
pedance;  this  frequency  decreases 
as  the  lamp  size  increases.  The 
lamps  have  a  negative  resistance 
component  (El  curve)  at  low  fre¬ 
quencies.  The  light  always  lags  the 
current  (IL  curve),  the  lag  increas¬ 
ing  with  frequency.  The  impedance 
of  the  2-watt  lamp  is  sufficiently 
high  to  permit  connecting  the  lamp 
directly  into  the  plate  circuit  of  a 
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AO  Arkwright  Tradng  Qoths 
have  those  6  important  advantages 

1  Erasures  re-ink  without  ** feathering^ 

2  Prints  are  always  sharp  and  clean 

3  Tracings  never  discolor  or  becoma 
brittle 

4  No  surface  oils,  soaps  or  waxes  to 
dry  out 

5  No  pinholes  or  thick  threads 

6  Mechanical  processing  creates  per^ 
manent  transparency 


100  300  ipoo  3P00  lopoo  30P00 


FREQUENCY  IN  CPS 


AMi RICA’S  STANDARD  FOR  OVER  25  YEARS 


FIG.  2 — ^Modulation  intpodonce  characteris- 
'tics  of  the  2-watt  lamp 
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Coal . . .  Water . . .  Oil ...  these  are  our  sources  of  power.  Our  early  use  of  each  of 
them  was  crude  and  localized  and  wasteful — before  the  time  of  electrical  wire. 

Now,  wire  harnesses  horsepower.  Wire  traps  it  at  its  binh— even  bringing  about 
its  generation.  Wire  packages  power  and  brings  it  into  our  homes.  Wire  transforms 
power  into  a  thousand  different  characters. 

The  use  of  horsepower  is  a  many-sided  science,  now  that  wire  is  here.  Each 
specialized  application  has  its  specialized  wire  counterpart.  The  development  of 
these  wires  is  in  itself  a  scientific  undertaking  ...  a  challenge  ...  an  achievement 
...  a  source  of  pride  for  the  wiremakers  ainong  whom  a  pioneering  leader  is  Belden 
Manufacturing  Company. 
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POWER  RECTIFIERS 


INSTRUMENT  RECTIFIERS 
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PHOTO-ELECTRIC  CELLS 


SCA  S«l*nium  R*ctifi«rs  are  ENGINEERED  FOR 

ENGINEERS.  Improved  performance  at  lower  costs 

through  ENGINEERED  adaptability.  Selenium  Corporotion 

of  America  meets  exacting  specifications  of  modern  electronic 

developments.  Manufacturers  of  a  broad  line  of  Selenium  Power 

ond  Instrument  Rectifiers,  Self  generating  Photo-Electric 

Cells  and  allied  scientific  products. 


Selenium  Rectifiers  are  rapidly  becoming  standard  in  industry 
for  all  rectifier  applications.  Selenium  Corporation  of  America's 
engineering  experience  can  be  called  upon  for  the  development 
and  production  of  special  rectifiers  for  any  application. 


CHECK  THESE  OUTSTANDING  FEATURES: 

Permanent  characteristics  ^  From  1  volt  to  50,000  volts 
Adaptability  to  all  types  of 
circuits  and  loads 
Unlimited  life  — no  moving 
ports 

Immunity  to  atmospheric 
changes 

High  efficiency  per  unit 
weight 


^  From  10  micro-<imperes  to 
10,000  amperes 

Economicol  —  simple  to  in> 
Stoll  — no  maintenance  cost 
Hermetically  sealed  units 
available 
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Check  These  Four 
Advantages  of  OHIO  MOTORS 


ELECTRON  ART  fconHnutd) 

6L6.  Also,  the  direct  current 
necessary  to  maintain  the  arc 
(56  ma)  is  sufficiently  low  as  t9  be 
supplied  by  the  modulator  tube.  A 
high  voltage  must  be  momentarily 
applied  to  the  lamp  to  strike  the 
arc. 


(1)  Concentrated-Arc  Lamp,  W.  1>.  Buck- 
iuKham  and  C.  R.  Delbert,  Journal  of  the 
Optical  Society  of  America,  p  245,  May 
1»46. 

(2)  A  Xew  Point-Source  Lamp  for  the 
Laboratory,  Harry  L.  Smith,  American 
Journal  of  Phyeica,  p  313,  Septeonber- 
October  1946. 

(3)  CharacterlHtlcs  and  Appllcatlona  of 
Concentrated-Arc  Lampa,  W.  D.  Bucking¬ 
ham  and  C.  R.  Delbert,  Photographic  So¬ 
ciety  of  America  Journal,  p  610,  November 
1946.  (See  also:  New  Concentrated-Arc 

iLamp,  G.  S.  Oslln.  International  Photogra¬ 
pher,  p  12,  July  1946.) 

(4)  The  Concentratetl  Arc-Lamp  as  a 
Source  of  Modulated  Radiation,  W.  D.  Buck¬ 
ingham  and  C.  R.  Delbert ;  paper  presented 
at  the  1946  SMPE  winter  convention,  to 
be  published  In  Journal  of  the  Society  of 
Motion  Picture  Engineera.  (See  also: 
Characteristics  and  .^plications  of  Con- 
centrate<l-Arc  Lamps  By  the  same  authors. 
Journal  of  the  Society  of  Motion  Picture 
Engineera,  p  376.  November  1946.) 

(5)  MtMulatlon  Characteristics  of  Con¬ 
centrated-Arc  Lamps,  W.  D.  Buckingham 
and  O.  R.  Delbert,  The  Western  Union  Tele¬ 
graph  Co.,  Electronics  Research  Labora¬ 
tories,  Water  MIU,  L.  I.,  N.  Y. 


Electronics  in  the  Food 
Industry 

Research  is  finding  the  manner  in 
which  dielectric  heating  can  be 
used  in  dehydrating  foods  and  for 
thawing  frozen  foods.  With  insuf¬ 
ficient  data  on  dielectric  constants 
of  various  foods,  the  investigation 
proceeds  slowly,  but  possibilities 
can  be  foreseen. 

Dehydrating 

Determination  of  moisture  con¬ 
tent  is  essential  in  dehydration 
processing.  Several  commercial 
tjTies  of  dielectric  moisture  meters 
are  available.  Among  the  factors 
that  affect  measurements  of  mois¬ 
ture  content  by  the  dielectric-con¬ 
stant  method  are  temperature,  par¬ 
ticle  size,  and  density  of  compaction 
of  sample.  For  reproducible  mois¬ 
ture  measurements  these  condi¬ 
tions  must  be  duplicated  from  sam¬ 
ple  to  sample. 

Experiments  on  potatoes  revealed 
that  well-compressed  blocks  could 
be  produced  only  if  the  potatoes 
contained  15  percent  moisture.  To 
further  dehydrate  the  compressed 
blocks  to  seven-percent  moisture, 
required  for  proper  preservation 
of  the  blocks,  dielectric  heating  was 
found  faster  than  vacuum-oven 
drying.  The  initial  drying  rate  was 
m.uch  faster  because  of  the  internal 
heating  produced  by  the  dielectric 
technique.  However,  once  the  block 


1  FREEDOM  FROM  VIBRATION:  All  Ohio 
AC  Motors  are  of  the  squirrel  cage  type* 

which  are  inherently  in  balance.  Rotor  and 
shaft  assemblies  are  dynamically  balanced. 

2  FREEDOM  FROM  HEAT:  Eetter-than* 
adequate  ventilation  provides  longer 

life  for  bearings  and  windings. 

3  FREEDOM  FROM  DIRT:  All  Internal  parts 
are  fully  protected  against  falling  chips* 

dirt  and  dripping  liquids. 

^  FREEDOM  FROM  LUBRICATION  WORRIES: 

Large  oil  reservoirs,  packed  with  qrool 
yarn,  provide  generous  lubrication.  Ball 
bearings  are  of  the  self-sealing  type. ..do 
not  require  lubricating  for  years. 


CHESTER  BLAND,  Pres. 


5908  Masricc  Av«.  •  Clcvelasd  4,  Ohio 
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1.  ELECTRICAL  HEATER -(5  watts 
nominal  up  to  150  volts  AC/DC)  de¬ 
flects  bi-metal  to  actuate  contacts. 

2.  CONTACTS — rated  at  6  amperes  at 
250  volts  AC  or  DC  for  delays  less  than 
1  minute.  For  delays  longer  than  1 
minute,  rating  can  be  increased  to  500 
volts  AC  or  DC  if  reduced  to  3  am¬ 
peres.  S.P.S.T.  normally  open  or  closed. 

3.  MOVING  CONTACT  ARM  —carried 
by  bi-metal,  is  a  preloaded  spring, 
which  applies  full  contaa  pressure 
immediately.  Action  absolutely  noise¬ 
less  and  positive  in  operation. 

4.  FACTORY-ADJUSTED  SCREW  —  sets 
contaa  spacing  for  desired  operating 
time— 5  seconds  to  8  minutes. 

5.  COMPENSATING  BI-METAL-main- 

tains  pre-set  contaa  spacing  and  relay 
timing,  regardless  of  ambient  temper¬ 
ature  variations. 

6.  *‘E”  SPRINGS  — braced  between 
sturdy  ceramic  support  and  glass  tube, 
make  assembly  shock  proof. 

DIMENSIONS,  VA"  diameter, 
height  (seated). 

WEIGHT,  0.08  lb. 

HERMETICALLY  SEALED  in  glass 
envelope,  relay  is  tamper-proof,  fully 
proteaed  from  dust,  dirt,  corrosion, 
or  contaa  with  outside  air,  with 
operation  independent  of  altitude. 

ARC-QUENCHING  ATMOSPHERE 

guarantees  absolute  minimum  of  con¬ 
taa  fouling,  pitting,  or  transfer;  per¬ 
mits  equal  AC  or  DC  ratings. 

STANDARD  RADIO  TUBE  BASE  4-pin 
or  oaal. 


Delays  plate  voltage  application  until  cathode  is  properly  heated 

Protection  of  cathodes  in  electronic  tubes,  such  as  thyratrons 
and  gas  filled  rectifiers,  depends  on  allowing  cathodes  to  reach  op¬ 
erating  temperature  rather  than  delaying  application  of  plate  volt¬ 
age  for  a  fixed  time.  A  thermal  relay,  since  its  operation  also  depends 
on  attaining  a  predetermined  temperature,  is  eminently  suitable  for 
cathode  protection. 

The  Edison  Thermal  Relay  is  widely  used  for  this  purpose  be¬ 
cause  (a)  its  delay  characteristics  vary  with  line  voltage  as  does 
cathode  heating;  (b)  it  is  suitable  for  continuous  operation;  (c)  it 
offers  sustained  accuracy;  (d)  it  has  a  wide  range  of  delay  periods; 
(e)  it  is  silent  and  positive  in  operation;  (f)  it  is  as  independent  of 
ambient  temperatures  as  the  cathode  it  is  protecting;  (g)  it  is  rela¬ 
tively  inexpensive;  (h)  it  is  small  and  lightweight.  The  slow  cooling 
rate  of  the  Edison  Thermal  Relay  prevents  loss  of  equipment  oper¬ 
ating  time  due  to  momentary  power  interruptions. 

The  combination  of  the  foregoing  features  indicates  that  this  is 
the  best  device  available  for  cathode  protection. 

Edison  engineers  will  help  solve  your  cathode  protection  prob¬ 
lems  if  you  will  write  and  give  them  the  data.  Just  address  Instru¬ 
ment  Division,  Thomas  A.  Edison,  Incorporated,  24  Lakeside  Ave¬ 
nue,  West  Orange,  New  Jersey.  _ 


THOMAS  A.  EDISON,  Incorporated 
Instrument  Division.  24  Lakeside  Avenue 
West  Orange,  New  Jersey 
GENTLEMEN: 

Please  send  me  your  Bulletin  No.  3007X  on  the  Edison 
Thermal  Relay. 


NAME 


COMPANY 


ADDRESS 


ZONE  NO. 


CITY 


STATE 
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Dependable  MICROPHONE  PLUGS 

CANNON  ELECTRIC 


CANNON  ELECTRIC 

/DEVELOPMENT  COMPANY 


CANNON 

ElECTRIC 


ELECTRON  ART  (continued) 

had  been  thoroughly  heated,  the 
rate  at  which  the  water  vapor  could 
diffuse  out  of  the  block  determined 
the  speed  with  which  drying  could 
proceed. 

Potatoes  dried  by  the  faster  di- 
electric  heating  process  did  not 
have  as  good  quality  as  the  slower 
oven-dried  ones.  Apparently  a  low- 
temperature  is  desirable  at  the  be¬ 
ginning  of  the  drying  cycle.  Modi¬ 
fication  of  the  dielectric  heating 
process  to  meet  this  condition 
would  counteract  its  advantage  of 
speed.  Where  the  material  to  be 
dried  is  not  subject  to  damage  by 
heat,  dielectric  heating  would  be 
preferred. 

Thawing 

Precooked,  frozen  foods  in  either 
small  ddhiestic  or  large  processing 
packages  thaw  slowly  and  unevenly 
if,  as  is  usually  done,  they  are  re¬ 
moved  from  refrigeration  and  stood 
at  room  temperature.  Portions  of 
the  package  to  thaw  first  spoil  be¬ 
fore  the  entire  package  thaws. 

Experiments  conducted  on  one- 
pound  packages  left  in  their  card¬ 
board  wrappers  indicated  that  the 
rate  of  temperature  rise  was  prac¬ 
tically  uniform  during  the  elec¬ 
tronic  thawing  process;  in  conven¬ 
tional  thawing,  temperature  rises 
exponentially.  The  time  for  thaw'- 
ing  by  dielectric  heating  was  one- 
thirtieth  that  of  conventional  meth¬ 
ods,  being  minutes  instead  of 
hours ;  thus  there  is  little  opportun¬ 
ity  for  spoilage.  (Research  in  Ag¬ 
ricultural  Products,  by  T.  L.  Swen¬ 
son,  The  Scientific  Monthly^  1946 
June  477.) 


Judy  Canova,  radio  star,  broadcasting 
over  NBC  in  Hollywood,  with  Hal 
Oerard  and  Joe  Kearns.  RCA  micro¬ 
phone  is  equipped  with  Types  "O”  or 
ALL  RADIO  NETWORKS  USE 
CANNON  MICROPHONE  PLUGS. 


Two  plugs  and  six  receptacle 
styles  available  In  this  series. 
One  oval  Insert  arrangement 
with  three  30-amp.  contacts  for 
No.  10  B&S  stranded  wire. 


Left:  Type  “03-42”  Receptacle  and  “03-11”  Plug 
on  Western  Electric  table  type  mike  used  by  Co¬ 
lumbia  Broadcasting  Co.  Center  and  Right:  Other 
large  network  mikes  use  type  “O”  for  cable  exten¬ 
sion.  The  latchlock  device  prevents  accidental  dis¬ 
connection  resulting  from  jerks  or  strain  on  cordL 


Five  plugs  and  nine  standard 
receptacle  styles  available  In 
six  Insert  arrangements:  two 
to  six  30-amp.  contacts,  one 
eight  15-amps,  for  No.  14  B&S 
stranded  wire. 


Two  small  plugs  and  four  re¬ 
ceptacles  with  zinc  shells  carry 
three  15-amp.  contacts  for 
No.  14  B&S  stranded  wire. 
Equipped  with  compression 
gland  and  relief  spring. 


Left:  Microphone  with  “P-42”  Receptacle  and 
P-CG-11  Plug  used  for  platform  public  address. 
(Photo  courtesy  Reiss  P.  A.  Systems,  Detroit). 
Right:  Mike  used  by  CBS-Hollywood,  with  P-C(i!- 
12  plug  shown  in  hand.  As  In  the  case  of  the  above 
Type  “O”,  two  mating  “P”  plugs  can  be  used 
conveniently  for  cable  extension  where  receptacle 
is  not  an  integral  part  of  the  microphone  Itself. 

The  New  lightweight  Type  “XL"  Is  standard 

equipment  on  the  equally  new  RCA  “Announce” 

Microphone  which  has  a  unique  construction  in 

the  stem,  allowing  the  plug 

to  swing  into  the  stem  with 

a  cover.  Relief  spring  on  HH 

XL-3-11  plug  protects  cord 

from  sharp  bends.  Adapters  m 

are  available  to  users  of  ^ 

microphones  such  as  the  M 

Turner  (second  to  right)  H  K 

tor  those  desiring  to  con-  A 

vert  to  Cannon  “XL”  Plugs. 


Edison  Effect 

Emission  of  electrons  from  a  hot 
metal,  the  Edison  effect,  was  stud¬ 
ied  in  the  modified  lamp  shown 
herewith.  This  electron  emission  is 
now  used  in  the  communication  and 
broadcasting  industry,  in  the  mo¬ 
tion  picture  industry,  and  for 
measurement  and  control  in  almost 
every  phase  of  modern  technology 
from  aviation  to  mining.  Thomas 
A.  Edison,  born  a  century  ago  this 
February  11th,  pioneered  in  gener¬ 
ation  of  electrical  power,  incandes¬ 
cent  and  fluorescent  lamps,  phono¬ 
graphs,  motion  picture  projectors, 
and  microphones.  Not  only  does 
mankind  benefit  from  such  natural 


Two  steel  shell  XL  plugs  for 
rough,  heavy-duty  usage.  Same 
Insert  arrangement  as  above. 
Integral  clamp  construction 
and  leading  XL  features. 

Write  Dept  B-120  for  C-16A 
Condensed  Clatalog,  describing 
all  above  connectors  and  list 
prices.  Available  from  Jobbers 
everywhere. 
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BEGSI^^erS 


M'CORMKK-DEERIIj 


^AMP/^ 


y^MEYERCORD^ 


CHICAGO  44  III 


KITCHEN 
WASTE  EXI 


PHflILCQ 


NO  RIVETS  •  NO  SCREWS 
Simple  adh0sion  nfdtods 
assur*  dvrabim,  colorful 
product  idontification 


Decals  for  every  product 


Conditions  under  which  this 
**Divine*’  buffer  operates  dem¬ 
onstrate  Meyercord  quality* 


Double-duty,  low-cost  Meyercord  Decal  nameplates  advertise  as 
they  identify.  They  offer  full  color  for  quick  brand  recognition! 
Divine  Brothers  Co.,  Utica,  N.Y.,  has  used  them  for  years  as  trade¬ 
marks  of  colorful  distinction  on  quality  buffing  wheels.  They  resist 
vibration,  fumes,  moisture,  abrasion,  acids,  wear  and  constant  use. 

Advertise  your  brand-name  for  the  life  of  your  products  with 
tough,  flexible  Meyercord  Decals!  They  can  be  applied  at  produc¬ 
tion- line  speeds.  No  screws,  rivets... no  sharp  edges.  Washable, 
durable!  Smooth,  lasting  adhesion  on  any  commercial  surface, 
curved  or  flat... even  on  rubber  or  crinkle  finish.  Trademarks, 
operating  or  lubrication  guides,  patent  data,  etc.,  can  be  produced 
in  any  size,  colors,  designs.  Learn  how  Meyercord  Decals  add  more 
"sell”  to  nameplates!  Write  today  for  free  Meyercord  Decal  Selec¬ 
tor .. .  it  shows  where  and  how  to  use  Decals.  Address  Dept.  ^-2 
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ELECTRON  ART 


Electron  emiMion  from  o  hot  cathodo  was 
first  studied  in  this  simple  diode 


resources  as  fertile  soil  and  sun- 
shyie,  but  also  from  the  inquisitive¬ 
ness  and  creativeness  of  individuals 
such  as  Edison.  The  effect  of  Edi¬ 
son  on  our  lives  indicates  the  im¬ 
portance  of  fostering  those  mental 
and  emotional  attributes  in  indi¬ 
viduals  that  make  possible  socially 
beneficial  basic  and  applied  re¬ 
search. 


ONT  RISK 


THE  WRONG  FLUX 


Good  soldering  jobs  depiend  on  the  right  flux — and  Kester  has  the 
right  flux  for  you.  You  can  count  on  Kester  for  a  flux  that  will  properly 
clean,  prevent  oxidation,  make  way  for  a  tight  bond  that  will  resist  shock, 
vibration,  twisting,  bending,  and  the  contraction  and  expansion  of  tem¬ 
perature  extremes. 

Growing  out  of  nearly  half  a  century  of  practical  experience,  Kester’s 
hundreds  of  flux  formulas  have  been  time-tested  in  laboratory  and  industry, 
to  establish  exact  specifications  for  every  flux  need.  Among  them  is  the 
ideal  flux  formula  for  your  particular  soldering  job. 

G>nsult  Kester  engineers  at  any  time  for  practical,  experienced  help  with 
flux  problems.  They’ll  gladly  suggest  the  right  flux  to  protect  your  product. 
A  letter  today  will  bring  expert  Kester  assistance — without  obligation. 


Variable  Electronic  Capacitor 

Using  the  space  charge  of  a  tube, 
an  inertialess  electronic  capacitor 
is  obtained.  Two  planar  cathodes 
mutually  parallel  are  mounted  on 
opposite  sides  of  a  control  grid.  As 
the  potential  between  the  grid  and 
the  two  cathodes  is  varied,  the  elec¬ 
tron  clouds  bordering  the  cathodes 
move  closer  to  or  further  from  the 
control  grid,  thus  varying  the  ca¬ 
pacitance  between  themselves  and 
the  control  grid.  The  two  variable 
capacitances  appear  in  series  across 
the  two  cathodes. 

Variation  of  capacitance  is  linear 
with  control  grid  potential  over  a 
limited  range.  At  excessively  neg¬ 
ative  potentials,  mutual  repulsion 
of  the  cloud  electrons  and  the  fact 
that  the  clouds  cannot  move  further 
from  the  grid  than  the  faces  of  the 
cathodes  prevent  further  capaci¬ 
tance  reduction.  At.excessive  posi¬ 
tive  potentials,  the  control  grid 
draws  current,  preventing  further 
increase  in  capacitance.  A  high 
series  resistor  in  the  control  circuit 
increases  the  linear  range  (U.  S. 
Patent  2,407,424). 


KESTER  SOLDER  COMPANY 

4204  Wrightwood  Avenue,  Chicago  39,  Illinois 

Eocfara  moaf:  Naworii,  N.  J.  Coaodloa  floaf:  Iraafford,  Oatoria 
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THIS  IS  OUR  WORLD 


The  definition  of  ‘"Jdiifh"  Vacuum  is  arbitnny.  We  choose  to 
consider  that  the  term  applies  to  pressures  less  than  i  mm.  Jd^ 
absolute.  The  use  of  this  pressure  range  for  industrial  processing 
is  a  recent  detyelopment.  The  organized  body  of  empirical  infor¬ 
mation.  built  from  performance  records,  tohich  characterizes  the 
cont>entional  branches  of  engineering,  is  generally  nol  available 
to  the  ettgineer  who  undertakes  a  project  in  High  Vacuum. 

The  calculation  of  efficient  pipe  and  manifold  sizes,  of  pump¬ 
ing  requirements  and  capacities,  of  relative  outgassing  of  con¬ 
struction  material,  is  not  easily  done  with  the  published  data. 
The  effect  of  very  small  leaks  at  very  low  pressure  and  the  degree 
of  tightness  which  may  be  expected  with  suitably  designed  and 
properly  built  equipment  is  not  generally  appreciated.  The 
virtues  and  the  failings  of  different  types  of  vacuum  gauges  and 
the  location  of  these  gauges  for  true  control  of  processing  con¬ 
ditions  is  a  small  held  in  itself. 

Measurements  made  during  our  early  experience  in  building 
large  systems  conflicted  with  existing  information  on  rates  of 
flow  at  low  pressures.  An  engineer  spent  twelve  months  running 
tests  on  pipe  and  tubing  from  H"  diameter  to  8"  diameter  in 
various  lengths  up  to  35',  including  elbows,  bellows  connectors 
and  valves.  The  results  of  this  work  are  the  basis  of  our  present 
piping  and  manifold  design. 

We  have  found  it  necessary  to 
develop  special  pieces  of  basic 
equipment  to  fill  specific  needs  in 


the  industrial  field.  Our  Thermocouple  Gauge  was  evolved  to 
meet  a  condition  of  severe  vibration  met  in  the  preparation  of 
magnesium.  The  Alphatron  Vacuum  Gauge  removes  the  guess¬ 
work  conneaed  with  pressure  measurement  in  the  presence  of 
water  vapor,  a  serious  problem  in  Higl^Vacmim  E>ehydration. 
We  have  built  diffusion  pumps  with  unusu^  characteristics  to 
overcome  problems  in  other  fields. 

Installations  of  our  Vacuum  Diffusion  Process  are  now  han¬ 
dling  1,000,000  CFMofwater  vapor  at  100  microns  Hg.  pressure. 
In  one  plant  another  process  is  pumping  in  two  separate  opera¬ 
tions  275  lbs.  /hour  of  water  vapor  at  100-200  microns  Hg.,  and 
6,500  lbs.  hour  of  water  vapor  at  8  mm.  Hg. 

The  design  and  construction  of  High  Vacuum  systems  of  all 
sizes  and  for  all  purposes  is  our  business.  We  have  accumulated  a 
substantial  body  of  practical  information  on  which  to  base  de¬ 
sign.  Our  engineers  are  familiar  with  the  problems  of  industrial 
High  Vacuum  installations.  Our  production  departments  have 
mastered  the  requisite  fabrication  techniques.  This  is  our  world. 

3f  yoti  tirf  considering  the  use  of  High  Vacuum,  we  can 
relieve  your  engineers  of  this  portion  of  responsibility.  Vour 
inguiry  will  receive  prompt  attention  and  will  place  you  under 
no  obligation. 

VACUUM  ENGINEERING 
DIVISION,  National  Re¬ 
search  Corporation,  Boston  1 5, 
.Massachusetts. 


H't  rn^iiirrr  Plant  tnstallaltons  anJ  manuJiHlurt  Vnh 
Tacunm  gau^,  Talvts,  Stals,  Dijfusion  Pumfis,  Still', 
‘Jumacfs.  Ccatint  fc/ntfiwott  and  Dthydralion  f.quipmrni 


NATIONA 


HIGH  VACUUM  FOR  INDUSTRY 


SEARCH  CORPORATION 


EMdJnmiElDM© 
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NEW  PRODUCTi 


1[continu*d  from  p  148) 


factured  for  home-iecording,  pub¬ 
lic-address,  and  amateur  radio  use. 
It  provides  flat  response  from  40 
to  6,000  cycles  with  output  level  50 
db  below  1  volt  dyne  per  square 
centimeter  open  circuit.  The  micro¬ 
phone  is  supplied  with  cable,  plug, 
and  removable  base. 


Direct  Reacliiig’pH  Meter  (21) 

Muirhead  and  Co.,  Ltd.,  Elmers 
End,  Beckenham,  Kent,  England. 
Bulletin  B-569-B  describes  the  type 
D-303-B  direct  reading  meter  that 
has  an  accuracy  of  0.05  pH.  The 
equipment  may  be  used  alter¬ 
natively  as  a  high-impedance  milli- 
voltmeter.  Operating  controls  are 
conveniently  located  on  a  sloping 
panel  with  the  meter.  Setting-up 


This  American  Seamless  Flexible 
Wave  Guide  is  made  from  thin-wall 
rectangular  metallic  tube . . .  can  be  ex¬ 
tended,  compressed  or  bent  in  two 
planes  to  small  radii  and  withstands  a 
large  number  of  flexures  of  moderate 
amplitude. 

Other  widely  used  American  Flexi¬ 
ble  Wave  Guides  are  the  "Vertebra” 
type,  consisting  of  a  series  of  choke- 

plate  wafers  inserted  in  a _ 

synthetic  rubber  jacket, 
and  the  "Moldlock”  type, 
made  of  spirally  wound 
strip  with  fully  interlocked 
joints,  with  (or  without)  a 
synthetic  jacket. 


These  high  precision  units  mate  elec¬ 
trically  and  mechanically  with  the 
standard  sizes  of  rigid  guide  for  opera¬ 
tion  at  wave  lengths  from  20  to  less 
than  3  Cm. 

We  will  be  glad  to  assist  in  selecting 
the  wave  guide  best  suited  to  the  spe¬ 
cific  requirements  of  your  installation. 
Write  for  our  "Electronics  Data  Book!’ 


controls  are  arranged  to  be  covered 
by  a  flap  after  initial  adjustments 
have  been  made  to  avoid  accidental 
disturbance. 


Improved  Recording 
Turntable  (22) 

Presto  Recording  Corp.,  242  West 
56th  St.,  New  York  19,  N.  Y.  The 
model  14-B  recording  turntable  rep¬ 
resents  an  improvement  over  the 
model  14-A.  The  skeleton  illustra¬ 
tion  shows  the  degree  of  isolation  of 


METAL  HOSE 

THE  AMERICAN  BRASS  COMPANY 
American  Metal  Hose  Branch 


General  Offices:  Waterbury  88,  Conn. 
Subsidiary  oj  Anaconda  Copper  Mining  Company 
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RaduU  a4ut  Jlinea/i  Scaled^ 

A  variety  of  radial  scales  can  be  provided  as  a  single 
dial,  with  even  the  closest  graduations  accurate  to  2 
minutes  in  360  degrees.  Straight,  linear  scales,  up  to 
1 5  feet  long,  can  be  engraved  with  equal  accuracy. 

Economical,  automatic  production  makes  “Ampredized” 
scales  available  at  cost  generally  below  that  of  conven¬ 
tional  pantograph  engraving.  Write  for  particulars. 

"'VISION  DIflLiS, 

93  MASSACHUSETTS  AVENUE  BOSTON  16,  MASS 


microfarads  and  800  microfarads. 
A  magic-eye  tube  is  used  to  indi¬ 
cate  balance  in  the  Wien  bridge, 
while  a  simplified  neon  lamp  test 
circuit  is  used  for  insulation  re¬ 
sistance.  The  instrument  may  also 
be  used  as  a  line  frequency  resis¬ 
tance  bridge  covering  a  range  of 
50  ohms  to  2  megohms.  A  complete 
description  is  given  in  catalog  IN-2. 


Millisecond  Relay  (24) 

Stevens-Arnold  Co.,  22  Elkins  St., 
South  Boston,  Mass.  A  new  relay 
housed  in  a  metal-tube  container 
and  suitable  principally  for  use  on 
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ACC  LI  RATE 4^ 
AMPREDIZED 

Accuracy  of  graduation  combines  with  excellent  legibility 
to  assure  easy,  accurate  reading  when  dials,  scales,  and 
screens  are  engraved  by  the  automatic,  precision  process 
designated  “Ampredizing”. 


Perfect  circles,  up  to  20 
inches  in  diameter,  can 
be  engraved  as  continu¬ 
ous  or  interrupted  lines. 

AnU-f2^ciAGlLG/7c  Scaled, 

Scales  and  screens  can  be 
accurately  matched  on 
both  faces  of  material  up 
to  one-half  inch  thick. 


the  motor-drive  mechanism  and  the 
turntable  cutting-head  platform. 
Speeds  of  either  33i  or  78  rpm  are 
available.  Six  different  cutting 
pitches,  either  inside-out  or  outside- 
in  can  be  quickly  chosen.  The  cut¬ 
ting  head  responds  to  frequencies 
between  50  and  8,000  cycles. 


Capacitor  Analyzer  (23) 

Solar  Manufacturing  Corp.,  285 
Madison  Ave.,  New  York  17,  N.  Y. 
The  model  CBB  capacitor  analyzer 
is  direct  reading  between  10  micro.- 


A  CHANGER  WITH  NEW  APPEAL  FOR 
MANUFACTURERS,  DEALERS,  MUSIC  LOVERS 

Announcing  the  new  Seeburg  Model  "M”  ...  a  record 
changer  to  add  appeal  to  even  the  most  glamorous  radio- 
phonograph  combinations. 

Outstanding  among  the  many  fine  features  of  the  "M” 
is  its  exclusive  three-pmst  construction  which  brings  these 
important  record  playing  advantages: 

1.  INTERMIX  playing  of  10  and  12-inch  recordings. 

2.  INCREASED  RECORD  LOAD.  The  "M”  has  a 
capacity  of  fourteen  10-inch  records,  twelve  12-inch 
records  or  twelve  10-inch  and  12-inch  records  in¬ 
termixed. 

3.  LONGER  RECORD  LIFE.  Multiple  post  construc¬ 
tion  assures  gentle  handling,  minimum  spindle  hole  wear. 

But  more  than  this  the  Model  ”M”  possesses  all  the  engi¬ 
neering  refinements  that  have  made  Seeburg  changers  the 
favorites  of  manufacturers,  sellers  and  buyers  alike. 


FEATURES  OF  THE 
NEW  SEEBURG  MODEL  "M” 

m  THREE-POST  CONSTRUCTION  that 
lengthens  the  life  of  precious  discs,  in¬ 
creases  record  load. 

•  INTERMIX  PLAYING  of  both  10  and 
12-inch  recordings. 

•  SIMPLE  MECHANISM  that  gives  long, 
trouble-free  operation. 

•  SWIFT,  QUIET  OPERATION  that  means 
minimum  time  between  changes — assures 
pleasurable  listening. 

•  CONSTANT  SPEED  MOTOR  that  brings 
turntable  up  to  speed  quickly — holds  it 
there. 


iiiiliri 


RECORD  CHANGERS  A  MUSIC  SYSTEMS 


J.  P.  SEEtURG  CORPORATION 


ISM  N.  DAYTON  ST.  •  CNKA60,  22 
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Look  first  to  ARMCO^fo^^SpociaUPurf^se  Eloctrkal  Steels 


electrical  steel  ? 


®«»»Tro1 


It  Can  be  Supplied  in  a  Width 
12,000  Times  Its  Thickness! 


tors  for  radar  systems  with  cores  of 
.002-inch  electrical  steel  now  weigh 
only  one-half  pound.  Earlier  models 
had  cores  weighing  20  times  as  much. 

Charts  on  this  page  show  core  loss 
vs.  frequency  for  .002-inch  silicon 
steel,  and  a  d-c  magnetization  curve  at 
low  induction.  Write  us  for  other 
information  pertaining  to  your  spe¬ 
cific  products.  Just  address  The  Amer¬ 
ican  Rolling  Mill  Company,  681  Cur¬ 
tis  Street,  Middletown,  Ohio. 


borne  electrical  equipment  and  many 
other  high-frequency  devices. 

If  you  make  these  or  similar  prod¬ 
ucts,  it  may  be  possible  to  greatly  im¬ 
prove  their  efficiency  by  using  excep¬ 
tionally  thin  insulated  laminations  in 
magnetic  cores  operating  at  high  fre¬ 
quencies. 

L«w  liMrfy  Lott 

Low  energy  loss  and  small,  compact 
cores  are  two  important  advantages. 
For  example,  100  kilowatt  modula¬ 


Now  you  can  get  insulated  electrical 
steel  thinner  than  a  human  hair  — 
steel  of  exceptional  magnetic  quality 
that  is  rolled  to  a  remarkable  gage- 
uniformity. 

This  is  one  of  Armco’s  war-born 
developments  that  makes  possible 
many  new  improvements  in  electrical 
equipment  of  all  kinds.  Peace-time 
uses  include  magnetic  cores  for  tele¬ 
vision,  high-frequency  induction 
heating,  radar,  sonic  detection,  air¬ 


yiCTRlC^ 
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resistive  loads  has  an  operating 
time  of  one  millisecond  or  less. 
Contact  rating  is  0.5  ampere  at  110 
volts.  Because  of  its  shock-absorb¬ 
ing  mechanism,  the  relay  can  be 
used  as  a  square-wave  generator 
by  applying  a-c  to  the  coil  and  d-c 
to  the  contacts.  Catalog  105A  gives 
complete  details. 


mi 


Light  Meter 


THE  Barton  Co.,  968  Farmington 
Ave.,  West  Hartford,  Conn.  The 
model  623  light  meter  provides  a 
means  of  measuring  relative  light 
intensites  of  low  magnitude  in  the 
blue  portion  of  the  light  spectrum, 


Thm  No.  90881 
RF  POWER  AMPLIFIER 


CONTACTS 


ThU  **S00"  watt,  RF  power  ami^ifier  unit 
may  ba  uaad  a*  the  basis  of  a  high  power  ama¬ 
teur  band  transmitter  or  as  a  means  for  in- 
creaainf  the  power  output  of  an  existing 
transmitter.  As  shipped  from  the  factory,  the 
No.  90681  RF  power  ampliher  is  wired  for  use 
with  the  popular  RCA  or  G.C.  **812**  type 
tubes,  but  adequate  instructions  are  furnished 
for  re  adjusting  for  operation  with  such  other 
popular  amateur  style  transmitting  tubes  as 
Taylor  TZ40,  Eimac  3ST,  etc.  The  amplifier  is 
of  unusually  sturdy  mechanical  construction, 
on  a  lOH''  r^ay  rack  panel.  The  panel  con¬ 
tains  the  grid  and  plate  tank  tuning  capacitor 
dials,  as  well  as  tne  grid  and  plate  current 
milliameters.  Plug-in  inductors  are  available 
for  operation  on  10,  20,  40  or  80  meter  amateur 
bands,  from  stock,  as  well  as  special  coils  to 
order  for  commercial  frequOTicles.  The  stand¬ 
ard  Millen  No.  90800  exciter  unit  is  an  Ideal 
driver  for  the  new  No,  90881  RF  power 
amplifier. 


JAMES  MILLEN 
MFG.  CO.,  INC. 

MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


and  has  been  designed  particularly 
in  checking  the  operation  of  photo¬ 
electric  lighting  controls  employing 
blue-sensitive  tubes.  A  calibration 
chart  and  auxiliary  light  tunnel 
used  with  the  meter  allow  adjust¬ 
ment  of  street  lighting  controls. 

Twin  Power  Supply  ^26) 

Furst  Electronics,  800  W.  North 
Ave.,  Chicago  22,  Ill.  The  electronic¬ 
ally  regulated  twin  power  supply. 


in  BRUSHES 

for  high  current  density  a  mini¬ 
mum  wear  S  low  contact  drops 
low  electrical  noise  S  self-iubri- 
cation 

in  CONTACTS 

for  low  resistance  S  non-welding 
character 

GRAFHALLOY  works  whoro  olhors  won't! 
Spocify  GRAFHALLOY  with  confidonco. 

*A  tpociol  silvor>Impro9n«lod  grophito 


GRAPHITE  METALLIZING 
CORPORATION 

1055  NEPPERHAN  AVENUE.  YONKERS  3,  NEW  YORK 
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model  210  features  two  independent 
adjustable  output  voltages  that  re¬ 
main  constant  regardless  of  varia¬ 
tions  in  the  power  line  and  load 
connected  to  each  output.  A  selec¬ 
tor  switch  allows  connection  of  the 
supplies  in  series  or  parallel.  An 
unregulated  output  of  6.3  volts  is 
also  available. 


Test  Meter  (27) 

Star  Measurements  Co.,  442  East 
166th  St.,  New  York  56,  N.  Y.  Th£ 
model  M-11  tester  is  a  volt-ohm- 
milliammeter  with  voltage  ranges 


up  to  1,000  volts  on  both  a-c  and 
d-c.  Current  ranges  up  to  one  am¬ 
pere  and  resistance  ranges  up  to  5 
megohms  are  also  incorporated.  In 
all,  twenty-seven  separate  ranges 
are  available.  Batteries  are  enclosed 
in  the  metal  cabinet. 


Wir»s  drawn  to  .0004"  diameter, 


Ribbon  rolled  to  .0001"  thickness. 


Direction  Finder  (28) 

Radio  Corp.  of  America,  Camden, 
N.  J.  The  type  AVR-21  automatic 
direction  finder  consists  of  four 


Special  Alloys  for  individual 
requirements. 


’Wife'  " 

n 

LOADING 

CHAMBER 


SAFETY  BASE 


irton  0 

if  12 

r  35  II 
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components  for  airline  use.  The 
receiver  contains  its  own  power 
supply  and  can  be  mounted  in  any 
convenient  location.  The  azimuth 
indicator  shows  the  position  of  the 
enclosed  loop.  The  pilot’s  control 
box  contains  the  station  indicator 
and  the’  necessary  switchca  for  re¬ 
mote  control. 


Terminal  Lugs  (29) 

Cambridge  Thermionic  Corp.,  445 
Concord  Ave.,  Cambridge  38,  Mass. 
New  insulated  midget  terminal  lug.s 
are  furnished  in  both  rivet  and  stud 
type  with  6,000-volt  a-c  breakdown. 
The  primary  uses  of  the  insulated 


install  o 

Western  Electric 

2A  PHASE  MONITOR 


You  just  can’t  beat  the  2A  Phase  Monitor  as  an  aid  for  quick, 
accurate  adjustment  and  monitoring  of  directional  antenna  arrays. 
No  matter  what  your  antenna  control  or  coupling  problems,  you’ll 
find  that  Western  Electric  has  the  units  to  solve  them  efficiently. 
For  details,  write  Graybar  Electric  Co.,  420  Lexington  Avenue. 
New  York  17,  N.  Y.,  or... 

ASK.  YOL'K  LOCAL 


GraybaR 


BKUAUCAST  RKPUt>ENT.\TIVE 


lu^s  cover  such  applications  as  tie- 
points  where  potential  is  high  or 
where  r-f  exists.  Further  informa¬ 
tion  is  contained  in  a  catalog  avail¬ 
able  through  Dept.  4. 


Tube  Tester  (30) 

Precision  Apparatus  Co.,  Inc.,  92- 
27  Horace  Harding  Blvd.,  Elm¬ 
hurst,  L.  I.,  N.  Y.  The  type  954-P 
tube,  battery,  and  set  tester  in¬ 
cludes  a  mutual-conductance 
vacuum  tube  checker  and  a  37- 
range  a-c  and  d-c  meter.  Voltages 


DIVISION 


4e^tf€ce  io 


CARTER  RADIO  DIVISION 
PRECISION  PARTS  CO. 
213  IntlituI*  Place 
Chicago  10.  Illinois 

Wrffe  for  full  d»tail$ 
and  cato/o0v«  today 
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FREQUENCY  STANDARD 
(60  cycle)  for  use  with 
external  power  supply 

CENTER 
CHRONOGRAPH 
Records  time  intervals 
with  resolsUion  to  Ml  second 

BOTTOM 

FREQUENCY  STANDARD 
(120  cycles)  with 
self-contained  power  supply 


These  tuning  forks  which  include 
new  engineering  principles,  pro¬ 
vide  frequencies  from  120  to  1,000 
cycles  directly  with  an  unquali¬ 
fied  guarantee  of  accuracy  to  1 
part  in  100,000  over  a  wide  tem¬ 
perature  range.  (Better  than  1 
second  in  24  hours).  Closer  tol¬ 
erances  are  obtainable  on  spe¬ 
cial  order. 

These  tuning  fork  assemblies  are 
available  only  in  single  or  multi¬ 
frequency  instruments  of  our 
own  manufacture  which  are  de¬ 


signed  to  test,  measure  or  control 
other  precision  equipment  by  me¬ 
chanical,  electrical  accoustical  or 
optical  means. 

The  dependability  of  these  fre¬ 
quency  standards  is  being  dem¬ 
onstrated  for  myriad  purposes 
in  all  climates  and  under  all 
working  conditions. 

If  you  have  need  for  low  fre¬ 
quency  standards  of  exceptional 
accuracy,  your  inquiries  are  in¬ 
vited. 


American  Time  Products,  Inc* 


580  Fifth  Av<‘. 


New  York,  N.  Y. 


Dist.  o\  W  cMi-rii  I'loitric  N  hcitcjly^.  \i0^tcr  Witih-ratc  KccordefN 


electronics —Mrawy.  fM7 
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up  to  6,000  can  be  measured. 
Among  other  features,  resistance 
up  to  60  megohms  and  db  ranges 
up  to  plus  70  can  be  accommodated 
on  the  instrument. 


Wien  Bridge  Fillei  (31) 

Kalbfell  Laboratories,  1076 
Morena  Boulevard,  San  Diego  10, 
Calif.  A  Wien  bridge  filter  de¬ 
signed  to  cancel  60  and  120  cycle 
hum  when  using  an  oscillograph  or 
vacuum-tube  voltmeter  consists  of 


HARVEY  has  bssn  appeintsd  au> 
thorissd  dsalsr  fmr  ths  nsw  CoUms 
Uns  of  transmittsrs  and  rocoivors. 
Thsss  units  ars  prsdsion  built  to 
th#  higbost  standords.  Ws  aro 
now  taking  orders  on  tbs  whole 
line  for  quick  deliverr. 

The  Model  30K-1  K 

Transmitter,  com*  *•* 

plete  with  the  310A*1  V?  ‘ 

Exciter  and  all  tubm.  I 

is  a  complete  traiu-  | 

mitter  ready  to  oper-  ILUJ  ^ 
ate.  Input  is  ^00 
watts  on  cw,  375  watts  on  phone. 
Operating  controls  in  Exciter  unit. 


two  bridges  in  cascade.  Terminals 
are  brought  out  so  that  either  or 
both  can  be  used.  Only  fixed  mica 
capacitors  and  low  temperature  co¬ 
efficient  resistors  are  used,  the 
whole  assembly  being  sealed  in 
polystyrene.  ' 


32V4  150-watt  transmitter  (120 
watts  on  phone)  complete  with 
tubes.  Uses  the  highly  stabilized 
and  accurate  Collins  VFOJL.$47S 


70E-8  VTO.  It  is  H'l  ' 
new;  versatile  and  ‘  0|  -  |Q  ' 

extremely  accu-  ’ 
rote. Overall qccue.l^ 
racy  and  stobiltty  ^ 

ore  vrkhin  0.015%.  Con  be  used 
lor  all  bonds  up  to  %  meter  with 
doublers.  Complete  with  calibrated 
dial.  You  can  build  a  good  band- 
r~1  . .  ■  switching  ex- 

1  ’  citer  unit  with 

r  '  »!»•  70E-8  that 

I  moke  multi- 

bond  operation 
u  pleasure. 


Counter  and  Control  (32) 

Potter  Instrument  Co.,  136-56 
Roosevelt  Ave.,  Flushing,*  N.  Y. 
The  new  model  140  single-channel 
predetermined  counter  used  for 
high-speed  counting,  batching,  and 


•  The  renown  of  Imperial  os  the  finest  In 
Tracing  doth  goes  back  well  over  half  a 
century.  Draftsmen  all  over  the  world  prefer 
it  for  the  uniformity  of  its  high  transparency 
and  ink-taking  surface  and  the  superb  quality 
of  its  doth  foundation. 

Imperial  takes  erasures  readRy,  without 
damage.  It  gives  sharp  contrasting  prints  of 
even  the  finest  lines.  Drawings  made  on 
Imperial  over  fifty  years  age  are  still  os 
good  as  ever,  neither  brittle  nor  opaque. 

If  you  like  a  duller  surface,  for  dear,  hard 
pencil  lines,  try  Imperial  Pencil  Tracing  Cloth. 
It  Is  good  for  ink  as  well. 


Collins  7SA  Receiver.  The  receiver' 
to  end  all  receivers!  80-40-20- 
15-11-10  meter  bemds.  Straight  line 
tuning.  Died  calibrated  in  frequency. 
SOdb  image  rejec-  —  ~~  - 

lion  on  all  bemds.  ^ 
uses  double  con-  ■ 
version.  Permabil-  I  ’*#  #  w  # 
ity  tuned,  ex-  \L°  * 

tremely  high  stability,  uses  sep>a- 
rate  oscillator  lor  mixers.  Complete 
with  tubes,  crysteds  and  speaker. 


packaging  control  will  function  at 
rates  of  15,000  per  minute  or 
higher  if  required.  The  unit  utilizes 
four  standard  four-tube  counter 
decades  arranged  to  permit  use  of 
any  predetermined  number  from  0 
to  10,000. 


Send  vour.  erdar  in  now  for  aarU- 
ast  daiivary.  All  prieas  quolad  are 
Nat.  F.O.B.  Naw  York  and  are 
subiact  to  change  without  notice. 


Telephone; 


LOngacre  3-1800 


SOLD  BY  LEADING  STATIONERY  AND  DRAW- 
■NO  MATERIAL  DEALERS  EVERYWHERE 


Booster  Amplifiers  (33) 

David  Bcxjen  Co.,  Inc.,  663  Broad¬ 
way,  New  York  12,  N.  Y.  Two  new 
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CONTACTS 

Silver  -  Platinum  •  Tungsten  -  Alloys 
Sintered  Powder  Metal 


Modem  indwstry  utilizes  WILCO  CONTACTS  in  frequency 
operations  of  every  range  both  because  of  their  longer  service 
life  and  because  they  assure  maximum  ductility,  hardness, 
density,  freedom  from  sticking,  low  metal  transfer,  high 
conductivity  and  arc-resistance. 

These  same  peerless  WILCO  qualities  of  stamina  and  preci¬ 
sion  performance — assured  by  exclusive  WILCO  processes — 
will  keep  the  power  flowing  in  your  products.  WILCO  engi¬ 
neers  will  gladly  help  you  select  from  a  great  variety  of  avail¬ 
able  WILCO  contact  materials  the  particular  contacts  suited 
to  your  needs — or  develop  new  alloys  for  special  purposes. 


THERMOSTATIC  BIMETAL 

All  temparature  ranges,  deflection 
rates  and  electrical  resistivities. 


SILVER  aAD  STEEL 
JACKETED  WIRE 

Silver  on  Steel,  Copper,  Invar  or 
othec  combinations  requested. 


ROLLED  GOLD  PLATE  AND  WIRE 
NI-SPAN  C* 

New  Constant  Modulus  Alloy 
SPEOAL  MATERIALS 


Trede  Mark.  The  Iniarnatiooal  Nickel  Co..  Inc. 


105  Chestnut  Street,  Newark  5,  N.  J.  e  Branch  Offices;  Chicago,  Detroit,  Los  Angeles,  Providence 


SPECIALISTS  FOR  30  YEARS  IN  THE  MANUFACTURE  OF  THERMOMETALS  •  ELECTRICAL  CONTACTS  •  PRECIOUS  METAL  BIMETALLIC  PRODUCTS 

ElECTftONfCS  — PWWr/.  2^3 
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powers  the 
MOTOROLA  162  UC 
F.M.  Transmitter^ 


OF  A  SeAlM 


The  time-tested  Par-Metal 
line  presents  superior  fea¬ 
tures  of  styling,  design,  and 
construction.  True  to  policy, 
Par-Metal  continues  to 
specialize  in  Electronic 
Housings  exclusively. .. and 
is  therefore  able  to  offer 
leadership  in  value.  Com¬ 
pare!  Write  for  Catalogue. 


unit  is  equipped  with  six  feet  of 
shielded  cable  for  connection  to  the 
amplifier. 

Antenna  Rotator  (35) 

The  Workshop  Associates,  Inc., 
66  Needham  St.,  Newton  Highlands 
61,  Mass.  Designed  primarily  for 
amateur  transmitting  antenna  ar¬ 
rays,  the  new  rotator  can  be  used 
for  other  service  such  as  f-m  and 
television  reception.  Mechanicalfer 
rugged,  the  device  simplifies  the 
electrical-connection  problem  by 
using  only  a  360-degree  rotation 
that  obviates  the  need  for  slip 
rings.  The  feed  line  can  be  matched 
without  difficulty  to  the  antenna 
structure.  Motion  of  the  antenna 


R*liabl«  power  assures  fhe  reliable  operalion  of  the 
new  Mefore/a  PM  Mofcife  162  megacyefe  TraiM- 
mfftor...  instantaneous  power  from  the  CARTER 
Genemotor  shown  on  the  chassis  above.  The  ONIY 
Oynomotor  that  delivers  full  power  in  3/10  second 
and  over  1 00,000  service-free  transmissions.  Writ* 
for  latoet  c«tal«9. 


HKlLOltgBK 


booster  amplifiers,  types  G050  and 
GO  125,  capable  of  delivering  60  and 
125  watts  respectively  use  multi¬ 
stage  inverse  feedback  to  attain  a 
flat  response  within  1  db  from  20 
to  20,000  cycles.  Input  impedance 
is  600,000  ohms  with  provision  for 
balanced-line  zero-level  input  for 
use  on  telephone  lines.  The  self- 
contained  power  pack  provides  a 
regulated  screen  supply. 

Mike  Input  (34) 

Special  Products  Co.,  Silver 
Spring,  Md.  The  Max-Mixer  is  a 
device  to  enable  owners  of  public 
address  amplifiers  to  use  three  ad¬ 
ditional  microphones  and  control 
each  one  at  the  proper  level.  The 
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Superior's  Electronic  Laboratory  opens  the  doors  to  far 
reaching  research  and  development  of  electronic  tub¬ 
ing,  through  the  study  of  materials,  processes  and 
controls. 

The  Emission  Microscope,  shown  above,  makes  it 
possible  to  test  the  material  in  electronic  tubes,  under 
actual  operating  conditions,  for  "emissive  qualities. 
Moterial  control  standards,  otherwise  unattainable,  are 
now  realities.  The  way  is  open  to  important  develop¬ 
ment  of  new  tubing  materials  and  uses. 


S*aling-in  Machine  in  the  process  of  sealing 
experimental  electronic  tirbes  preporatory  to 
emission  testing. 


Comporator  measuring  dimensions  to  10  thou¬ 
sandths  of  an  inch,  for  inspecting  the  quality 
of  work  going  into  electronic  tube  cathodes 
and  parts.  This  is  just  one  of  many  tests  con* 
ducted  by  the  “Quality  Control  Group”  of 
the  Superior  Laboratories. 
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A  pin  on  Milford  Rivet  Setters  engages  the  semi* 
tobular  end  of  the  rivet,  guides  it  home  accurately  and 
iiutantly  to  make  an  unbreakable  assembly.  Costs  cut. 
ir  Time  saved.  Produaion  speeded.  Milford  deigns 
^  and  manufactures  rivets  in  endless  variety  and  makes 
15  standard  models  of  bendi  and  floor  type  rivet 
setters  (special  models,  to  order). 


NEW  PRODUCTS 


(coirtinutd) 


BOLFORD  BENCH  TYPE  RIVET  SETTER 


SETS  60  RIVETS 
A  MINUTE 


fStABl'SHlD  H06 


ANTENNA  SYSTEMS 

»  USERS 

„  PRivnTE  BRnnos 

We  manufacture  the  following,  under 
private  labels  and  trademarks:  - 

AUTOMOBIIE  ANTENNAS  .  .  •  every 
variety,  including  types  that  con 
be  raised  and  lowered  from  inside  11 

the  car.  ^  || ' 

RESIDENTIAl  ANTENNAS  ...  AM  and 

_  FM,  for  homes,  stores  and  multi- 

family  buildings.  Complete  lines 
of  noiee-reducing  systems  incor-  ^ 

porating  latest  patented  develop-  ^ 
ments  of  coupling  transformers.  ' 

FM,  AM  Olid  TflEVISION  .  .  •  Dipoles  '  | 

with  or  without  reflectors,  folded  H 

dipoles,  turnstile,  radiating  types 
and  other  combinations  for  roof, 
sidewall  and  other  mountings. 

MARINE  ANTENNAS  .  .  •  Collapsible 
and  transmitting  types  for  every 
purpose. 

For  WHia  and  olhor  moWIt  units  ...  U 

“■  roof-top  antennas  for  ultra-high  II 

frequencies. 

WE  INVITE  INQUIRIES  AND  CONSULTATIONS. 


OLDEST  AND  LARGEST  MANUFACTURERS  OF  RADIO  ANTENNAS  AND  ACCESSORIES 


speaker  designed  for  general  use 
with  microphone,  phonograph  pick¬ 
up,  or  guitar  reinforcing  system. 
Eight  watts  undistorted  output  is 
available  with  a  frequency  response 
flat  within  2  db  from  60  to  8,000 
cycles. 

Capacitance  Meter  (37) 

Maida  Development  Co.,  Box  588, 
Erie,  Pa.  The  model  201  direct- 
reading  capacitance  meter  operates 
on  the  principle  of  measuring  the 
current  through  a  capacitor  when  a 
known  voltage  at  100  kilocycles  is 
impressed  across  it.  Ten  overlap¬ 
ping  ranges  make  possible  measure¬ 
ments  from  0.1  to  10,000  microfar¬ 
ads.  Each  instrument  is  adjusted 
to  within  1  percent  of  full-scale 
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serve  a  steady  diet 
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The  Fathometer j — the  first  practical  application  of 
Sonar"' — utilizes  the  magnetostriction  of  Nickel 


One  of  the  most  practical  uses  of  iibnar  is  the  Fathometer, 
manufactured  by  the  Submarine  Signal  Co.,' Boston,  Mass. 

The  Fathometer*generates  sonic  vibrations,  throws  them  at 
the  bottom,  and  then  listens  for  their  echoes.  With  a  Fathome¬ 
ter  you  can  map  the  ocean  floor  . . .  locate  fish  .  .  .  safeguard 
navigation.  , 

Like  many  other  adaptations  of  sonar,  the  Fathometer  de¬ 
pends  upon  Nickel  to  send  and  receive  the  sonic  vibrations. 
Heart  of  each  oscillator  is  a  stack  of  thin  Nickel  pfates,' laced 
together  with  a  winding  of  wire. 


HOW  THE  FATHOMETER  WORKS 

When  current  is  passed  through  these  windings,  a  magnetic 
field  is  created.  That’s  when  the  magnetostrictive  property 
of  Nickel  goes  to  work! 

For  under  the.influence  of  magnetic  force.  Nickel  contracts, 
returning  to  its  original  length  when  the  field  goes  dead.  In 
a  fluctuating  field,  the  resulting  vibrations  are  powerful 
enough  to  produce  an  echo  from  the  ocean  floor. 

When  the  sonic  waves  bounce  back  to  the  Fathometer,  a 
second  oscillator  (acting  as  a  receiver)  goes  through  the  same 
cycle  in  reverse  to  convert  sound  into  electrical  impulses. 
Other  components  then  time  the  lag  between  transmission 
and  echo,  registering  the  depth  on  an  indicator. 


WHY  NICKEL  WAS  CHOSEN 


Nickel  is  used  in  sonar  because  it  contracts  more  than  other 
magnetostrictive  metal,  contracting  32  units  of  length  for 
every  1,000,000. 

Magnetostriction  is  just  one  of  the  specialized  properties 
obtainable  with  Nickel,  When  specifying  metals  for  elec¬ 
tronic  or  electrical  use  always  consider  Nickel  and  the  INCO 
Nickel  Alloys.  They  are  strong,  tough,  rustless,  corrosion- 
resistant  and  thermally  durable. 

fTrademark  teglsterrd  bT  Submarine  Signal  rympanr 

THE  INTERNATIONAL  NICKEL  COMPANY,  INC- 

67  WAU  STREET,  NEW  YOltK  3,  M.  Y. 


NICKEl 


AILOYS 


One  of  the  two  oicilletors  tbst  ttre  the  key  p4irtt 
of  ertry  Fathometer,  Here,  the  otciUatiag  unit 
has  been  tipped  hack  out  of  its  casing  to  show 
uhere  the  stack  of  Sickel  lamination  plates  is 
mounted. 


Both  an  indicating  dial  and  recorder  can  he 
used  with  the  Fathometer.  Other  components 
include  an  amplifier  and  a  driver. 


NMKl*  •  “r’MMKl  •  -‘S”*MRCl  •  •  IMMQ*  •  MCUl  •  •  r'*MCia 

•Beg.  r.  8.  Pat.  Off. 
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CRYSTAL  RESEARCH 

LABORATORIES,  Inc. 

29  Allyn  Street  Hartford  3,  Conn. 
Telephone  7-3215 


CRYSTAL  RESEARCH 

LABORATORIES,  Inc. 

29  Allyn  Street  Hartford  3,  Conn. 
Telephone  7-3215 


reading  on  all  ten  ranges  and  is 
guaranteed  to  be  within  2  percent 
of  full  scale.  Inductance  measure¬ 
ments  are  generally  within  5  per¬ 
cent  after  some  computation  involv¬ 
ing  apparent  capacitance  indica¬ 
tion. 


Relay  Tube  (38) 

Sylvania  Electric  Products  Inc., 
500  Fifth  Ave.,  New  York  18,  N.  Y. 
The  cold-cathode  relay  tube  type 
0A5  measures  1%  inch  overall  and 
11/16  inch  in  diameter.  A  positive 
trigger  pulse  of  85  volts  is  sufficient 


Cryscons  are  electronically 
tested  to  insure  accurately 
rated  minimum  loss  trimmers 
and  padders. 


The  CN-351  series  is  an 
efficient  RF  trimmer. capaci¬ 
tor.  (RF  Padders  in  stand¬ 
ard  .ranges  —  even  to  1 .5 
—  7  mmf).  The  CN-55  series 
is  a  dual  IF  podder  capaci¬ 
tor.  The  latter  series  may 
also  be  had  with 'two  fixed 
series  capacitors. 


AHMNT  rtMK  X 

ACTUAL  TEMP.  CURVE  INSlOf  HOLDER 


ASeSltNT  TtMPL  •c 

ACTUAL  FREQUENCY  CURVE 


to  fire  the  tube  when  the  anode 
rests  at  750  volts.  The  new  tube 
has  been  designed  for  use  in  elec¬ 
tronic  photoflash  and  similar  equip¬ 
ment. 


S«/*ctronfc  XL-SO  is  designed  for 
close  frequency  tolerance  .  . 
VHP  services  .  .  .  police,  oircroft, 
railway  communications,  etc. 
Healer  works  at  6  volts,  1  amp. 
frequency  range:  3.000  KC  to 
15,000  KC. 


F-M  and  Television  Cable(39) 

Federal  Telephone  and  Radio 
CORP.,  Newark,  N.  J.  Type  KT-51 
dual  conductor  twisted-pair  cable 
is  shielded  by  two  metal  braid  cov- 


CRYSCON,  Inc 


ENGINitRS  Of 
SfLfCTRONK  CRYSTALS 


SUBSIDIARY  OF 


1 

SALES  REPRESENTATIVES 

1 

CHICAGO  ARrA: 

P.  G.  RIDLEY 

4804  West  Chicago  Avenue 

CHICAOO  5,  ILLINOIS 

EACTERN  AREA: 

LEO  FREED  &  CO. 

420  Lexington  Avenue 

NEW  YORK  17,  NEW  YORK 

PACIFIC  COAST  AREA: 

HARRY  A.  LASURE  CO. 

2216  West  nth  Street 

LOS  ANGELES  6,  CALIFORNIA 

Early  deliveries  for  largo  or 
modium  orders  —  Inquiro  re- 
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ROTARY  SELECTOR  SWITCHES 


FOR  THE  CRITICAL  ENGINEER 


•  TYPE  XC — Single  or  multiple  decks.  Instru* 
ment  type.  Contact  Resistance  less  than  .001 
oTim.  Ideal  for  shunt  ammeter,  thermo 
couple  type  measuring  equipment  and 
Wheatstone  Bridges. 


SERIES  EE-14 — Single  or  multiple  decks.  One  to 
six.  14  circuits  each  deck.  Shorting  or  non¬ 
shorting  contacts.  Recommended  for  use  in 
quality  test  equipment  or  accurate  switching  of 
multi-circuits  with  low  contact  loss. 


SERIES  EE-20 — Similar  to  Series  EE-14  but  with 
20  circuits  each  deck.  Contacts  and  moving 
ports  heavy  coin  silver  plated  to  meet  200 
hour  salt  spray  test.  Low  leakage  laminated 
plastic  decks  selected  for  maximum  mechanical 
and  dielectric  strength. 


Write  for  catalogue 


PHONOGRAPH 

TURNTABLE  UNIT 


Engineers  will  find  thi$  compact  turntable  meeting  all  of  their 
requirementt. 

PERFORAAANCE: — Correct  and  uniform  speed  is  secured 
through  the  use  of  a  motor  of  ample  capacity,  preloaded 
to  operate  on  the  flattest  portion  of  the  torque-speed 
characteristic. 

QUIETNESS: — Is  assured  by  full-floating  rubber  motor 
mountings  and  rubber  cushioned  drive.  Permanent  free¬ 
dom  from  turntable  wobble  is  guaranteed  by  an  extra 
rigid  turntable,  an  extra  long  bearirtg  and  precision 
machining  of  these  parts. 

Unit  can  be  supplied  for  110  volt  and  220  volt  50  or 
60  cycle  operation. 

Deliveries  prompt. 


41  CHESTNUT  STREET,  NEW  HAVEN,  CONN. 


Sturdy  motors,  precision  built  for  long  life  and  rugged 
requirements. 

Single  phase  shaded  pole  induction  type  suitable  for 
many  applications.  Constant  speed  is  maintained 
through  the  use  of  new  shading  design  making  this 
motor  ideal  for  use  where  good  starting  torque  re¬ 
quirements  are  needed. 

Dual  motor  coils  of  ample  turns  impregnated  against 
moisture  will  operate  continuously  with  an  exception¬ 
ally  low  temperature  rise. 

Bearings  are  of  ample  size  and  are  self-aligning  with 
self-lubricating  features. 

Production  starts  soon  and  we  invite  inquiries  now  as 
to  your  1947  motor  requirements. 


FRACTIONAL  HORSEPOWER  MOTORS 
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Thermador  is  a  name 
remembered  when  the  ut¬ 
most  in  transformer  qual¬ 
ity  is  desired,  and  when 
exceptional  engineering 
skill  is  required. 


S«VM  LMgMt  AkMrf” 

THERMADOR 

THERMADOR  ELECTRICAL  MFC.  CO 
St  19  Oislnct  IM .  iK  Aaitlts  12.  Cabtormi 
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From  out  of 
the  west . . . 
ilinerica’s 
finest 

transformers 


NEW  PRODUCTS 


(continuad) 


COPPER  OXIDE 
RECTIFIERS 


IDEAL  FOR  AUTOMATIC 
CURRENT  CONTROL 

"Coprox"  rectifiers  may 
.  be  your  answer  to  more 
efficient  ‘  current  control. 
Their  varistor  character¬ 
istics  moke  them  ideal  for 
automatic  current  valving, 
'  current  limiting^  current 
.  blocking,^  well  as  cur¬ 
rent  measurement. 

•  Bradley  rectifiers  are 
designed  to  give  you 
trouble-free  service.  Their 
electrical  characteristics 
remain  stoBl^indefinitely 
When  operated  within 
normal  rating,  their  life  is 
unlimited. 

Send  for  curves  show¬ 
ing  current,  voltage,  re¬ 
sistance  and  temperature 
characteristics  of  Bradley 
i  copper  oxide  rectifiers. 


erings.  A  noncontaminating  jacket 
covers  the  shield.  Characteristic 
impedance  of  the  cable  is  95  ohms. 
Attenuation  per  100  feet  is  1.7  db 
at  30  megacycles,  3.6  at  100  me  and 
10.0  db  at  400  me. 

High  Voltage  Tester  (40) 

Rowe  Radio  Research  Laboratory 
Co.,  2422  North  Pulaski  Road,  Chi¬ 
cago  39,  Ill.  The  type  SP22  elec¬ 
tronic  spark  plug  analyzer  uses  an 
oscillographic  technique  that  is 
easily  interpreted  by  inexperienced 


Illustrated  literature, 
available  on  request, 
shows  more  models  of 
c<^f>per  oxide  rectifiers, 
plus  a  line  of  selenium 
rectifiers  and  photocells. 
Write  for  "The  Bradley 
line." 


BRADLEY 

LABORATORIES,  INC. 

82  Meadow  St.  New  Haven  10,  Conn 


personnel.  Tests  at  peak  voltages 
between  1,000  and  21,000  volts  can  | 
j  be  rapidly  determined.  The  instru-  | 
ment  can  be  modified  for  testing 
high  tension  cable  or  for  other 
resistance,  corona  and  breakdown 
testing.  The  unit  measures 
20x20x22  inches. 

Plug-In  Relays  (41) 

1  I  Ward  Leonard  Electric  Co.,  31 
I  South  St.,  Mount  Vernon,  N.  Y. 
j  Bulletin  106  magnetic  relays  fea- 
j  ture  pin-plug  connections.  They  are 
I  suitable  for  a-c  or  d-c  operation  on 
i  standard  frequencies  and  voltages 
i  up  to  125  volts.  Single-break  rat- 


When  America  switched  to  the  monophone  telephone  in  1925,  millions 
were  needed — quick.  The  job  called  Jor  complex  molds — presses  to 
handle  heavy  pieces — ample  production.  Kurz-Kasch  did  it  first. 


JVlany  firms  and  individuals  have  contributed  to  the  amazing  advances 
of  the  plastics  industry.  As  this  series  of  ads  testifies,  Kurz-Kasch 
and  its  engineers  have  played  their  parts  since  the  very  earliest  days. 

We  mention  it  only  because  yesterday’s  achievements  are  your 
promise  of  added  competence  today — because  by  choosing  Kurz-Kasch 
as  your  molder  now,  your  production  will  benefit  ahead  of  time  from 
many  of  the  improvements  of  tomorrow.  And  that  pays  ofif. 

Investigate  our  complete  molding  service.  Write  for  your  free  copy 
of  "A  Businessman's  Guide  to  the  Molding  of  Plastics”— or  ask  for 
an  engineer. 


Kurz-Kasch 


For  Over  29  Years 

Planners  and  Molders  in  Plastics 


Kurz-Kasch,  Inc.,  1425*  S.  Broadway,  Dayton  1,  Ohio.  Export  Offices:  89  Broad  Street,  New  York,  N.  Y. 
Branch  Sales  Offices;  New  York  •  Chicago  •  Detroit  •  Los  Angeles  •  Dallas  •  St.  Louis  •  Toronto,  Canada. 
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AC  AND  DC  MOTORS  AND  GENERATORS 

BURKE  -leMtUuU  BLOCKS 

BURKE  ELECTRIC  COMPANY  •  ERIE,  PENNSYLVANIA 
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NEW  PKOOUCTS 


ings  are  4  amperes,  125  volts,  60 
cycles  on  noninductive  loads. 


OSCILLOSCOPE 


UtCTRONIC  OEVtlOPMWt  5 


Resistance  Welding 
Control  (42) 

General.  Electric  Co.,  Schener- 
tady,  N.  Y.  A  new  line  of  non- 
synchronous  electronic  resistance 
welding  control  combinations  de¬ 
signed  to  meet  new  NEMA  stand- 


This  new  5'  Cathode  Ray  Oscilloscope  is  a 
precision  instrument  at  an  attractively  low 
price,  designed  for  practical  application  in 
laboratory  research  and  production  work. 
Sturdily  built  to  stand  up  under  continuous 
use,  and  ably  engineered  for  accuracy,  versa¬ 
tility  and  easy  operation.  Has  wide  frequency 
range,  10  cycles  to  300  Kc.  Deflection  sensi¬ 
tivity,  1  volt  RMS  per  inch.  Sweep  range,  10 
cycles  to  60  Kc.  in  four  steps.  For  110-120 
volt,  50-60  cycle  operation.  In  welded  steel 
cabinet,  with  baked  black  wrinkle-finish; 
8V4*  wide,  l4Vi*  high,  ISV^'  deep.  Instru¬ 
ment  panel  in  black,  with  white  designations: 
has  removable  calibrated  plastic  scale.  Com¬ 
plete  with  tubes.  No.  S4-376.  Ntt  Ov/y.  $99.50 


STOCK 

NO. 

M-376 


Order  horn  the  Central  Soune 
for  Cverythinif  in  Radio  and  ilectronits 


ards  includes  ignitron  contactors 
and  sequence-weld  timers.  The 
control  cabinet  illustrated  can  be 
mounted  on  a  welder  and  requires 
only  the  connection  of  air  and 
water  lines  in  addition  to  power. 


ALLIED  RADIO  CORP. 


Interval  Counter  (43) 

Radio  Corp.  of  America,  Camden, 
N.  J.  The  type  WF-99B  time  in¬ 
terval  counter  gives  direct  visual 
indication  of  the  time  elapsed  be¬ 
tween  two  impulses  each  of  ex¬ 
tremely  short  duration.  Maximum 
time  that  can  be  accommodated  is 
one  second,  in  microsecond  incre¬ 
ments.  The  equipment  can  be  initi¬ 
ated  by  simple  mechanical  switches 
or  triggers  by  inertialess  means 
such  as  phototube  equipment.  Op- 


BURKE  Bakelite  blocks 
are  uniiormly  den^  due 
to  high  pressure  in  hard¬ 
ened  steel  moulds  in 
electrically  heated  and 
operated  moulding 
presses.  They  feature 
high  resistance  to  moist¬ 
ure  and  electricity. 


SERIES  3000  features  a  center  barrier 
moulded-in  construction  for  extra  me¬ 
chanical  strength.  Center  barrier  off 
center  to  permit  the  use  of  terminal  lugs 
on  one  side. 


li/fuie  ^  RooUUi 
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1,000  DIFFERENT  VOLTAGE  RATIOS! 


[  f,  :>■ 

"X, 


ABRIDGED  SPECIFICATIONS 

ACCURACY:  each  resistor  is  adjusted  within  ±0.1%, 
error  in  voltage  never  exceeds  ±0.2% 

INPUT  IMPEDANCE:  constant  resistance  of  10,000  ohms 
regardless  of  ratio  setting 

OUTPUT  IMPEDANCE:  varies  from  10  to  10,000  ohms, 
depending  upon  settings 

FREQUENCY  CHARACTERISTIC:  if  external  capacitance 
across  output  terminals  is  less  than  20  micromicrofarads, 
frequency  error  is  less  than  0  1%  below  10,000  cycles 

TEMPERATURE  COEFFICIENT  of  resistors  is  less  than 
±0.002%  per  deg.  C  at  normal  room  temperature 


AT  THE  MOMENT  WE  HAVE  A  FEW  IN 
STOCK 

WRITE  FOR  COMPLETE  DATA 


THIS  decade  voltage  divider  will  supply  exact 
voltage  ratios  between  O.’OOl  B6oO  in  steps  of 
0.001.  It  is  very  useful  on  the  input  of  amplifiers 
and  other  high-impedance  circuits  for  reducing  the 
input  voltage  by  a  definitely  known*  ratio*  which 
can  be  varied  in  very  small  steps.  One  thousand 
different  ratios ^can  be  obtained.  ‘j’  - 

,  The  input  resistance  remains  constant  fegaMless 
of  dial  settings,  consequently  reaction  on  the  in¬ 
put  voltage, is  eliminated. 

The  instrranent  is  equivalent  to  a  pair  of  our  type 
602  Decade-Resistance  Boxes  connected  in  series 
and  so  arranged  mechanically  that  as  resistance  is 
taken  oiiVof  one  box  it  is  added  to  the  other  to 
maintain  the  total  resistance  constant  at ‘10,000 
ohms. 

All  resistors  are  wound  with  an  alloy  wire  of 
such  characteristics  that  no  difficulty  from  thermal 
emf  will  be  encountered  in  direct-current  meas- 
urements. 

TYPE  654- A  DECADE  VOLTAGE  DIVIDER...  $100 


GENERAL  RADIO  COMPANY 


Cambridge  39, 
Massachusetts 


90  West  St.,  New  York  6 


920  S.  Michigan  Ave.,  Chicago  5 


950  N.  Highland  Ave.,  Los  Angeles  38 
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NEW  PRODUCTS 


(continued) 


HEX, 

PHILLIPS, 
FLAT 
SCREW  DRIVER 


Ipi  BITS 

in  rhis  compact 
fi  handle 


IhallQwellI 


:SOCIICT  SCREW''  KIT 

with  int«rchangecili4«^  bits 

For  m«n‘ who  like* to  have  a 
complete  supply  of  tools,  yet 
dislike  bulk  mod  confusion,  the 
Hallowell  "Socket  Screw"  Kits 
are  the  answer.  Their  hollow, 
durable  plastic  handles  hold  in* 
terchangeable  J/ee/  bits  for  most  ’ 
all  purposes  .  .  .  Phillips,  Hex 
and  Flat.  They  each  have  a 
swivel  bit-chuck,  which  locks 
securely  in  five  positions. 

The  "Socket  Screw"  Kit 
comes  in  2  sizes:  small  #25  Kit; 
and  the  large  #50  Kit. 

Other  Hallowell  Kits:"Socket 
Wrench”;  "Auto”;  "Home”. 

Obtainable  at  Dealers 
throughout  the  country.  If  none 
near  you,  or  he  is  sold  out,  send 
his  name  to  us,  along  with 
yours,  and  you  will  be  taken 
care  of  promptly. 

KOti  PolanH  Pandina 

An  ideal  gift  or  prize 
Over  43  Yoan  Im  liwkw 

STANDAID  PRESSED  STEa  CO. 

JENKMTOWN,  PENN  A.,  BOX  >9* 
iostoii  •  CMeoao  •  Dalreit  •  Indionopolts 
SI.  Leub  •  Son  Froncbco 


erations  can  be  automatically 
started ’and  stopped  on  the  basis  of 
a  predetermined  number  of  items 
or  counting  impulses. 

Vacuum  Thermocouple  (44) 

Field  Electrical  Instrument  Co.,* 
109  East  184th  St.,  New  York  63, 
N.  Y.  The  type  U  vacuum  thermo¬ 
couple  illustrated  represents  an  im-  ‘ 


REQUIRE 


provement  over  the  former  unit 
designed  for  measurement  of  cur¬ 
rent,  voltage,  power  at  ultrahigh 
frequencies.  Chief  difference  is 
reduction  in  size  owing  to  a  differ¬ 
ent  conformation  of  the  glass  bulb. 

Welding  Controls  ,  (45) 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  The  complete  line  of 
synchronous  precision  controls  for 
resistance  welding  machines  has 


SENSITIVE  RELAYS 

have  proven  themselves  in 
countless  applications: 

Temperature  Control 
VacuumTubeCircaits 

r  Fire  and  Burglar 
Alarms 

r  Telephone  Dialing 
0^  Aircraft  Controls 
r  High  Speed  Keying 
. . .  and  many  others. 

SpMipf 

sigma/ 

SIGMA'S  specialty  is  the  com- 
bination  of  a  fine  relay  and  an 
unusually  tkerougk  approach  to 
your  specific  application  problem. 

SIGMA  standard  relays  are 
available  with  various  enclosures 
including  fixed  mountings,  S-pin, 
and  octal  male  plug  bases. 

New  relays  are  being  devel¬ 
oped  for  special  purposes.  Send 
your  requirements  to  SIGMA  for 
dependable  relay  recommenda- 


:s 


VARFLEX  CORPORATION 


invites  you  to 


See  for  y  o  u  r  s  e  I  r  hov 
better  electrical  insulation 


•  Varflcx  Corporation  wants  every  manufacturer  of 
electrical  equipment  to  have  one  of  these  new  folders.  Each 
one  contains  actual  working  samples  of  20  different  types  of 
sleeving  and  tubing,  including  Varelas  Silicone,  which  was 
developed  during  the  war  to  meet  temperature  variations 
from  -85*  F.  to  500*  F. 

Write  for  this  folder  containing  test  samples  today. 


Varflex  Corporation,  308  N.  Jay  St.,  Rome,  N.  Y. 

PI«OM  **nd  m*  your  FREE  folder  containing  20  different  type*  of  electrical 
insulation.  I  am  particularly  interested  in  samples  suitable  for . . 


CORPORATION  | 


Makers  of 
Electrical  Insulating 
Tubing  and  Sleeving 


Nome. 


Company. 
Street . 
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NEW  PRODUCTS 


With  Two  DI-ACRO  BENDERS 


A  diflBcult  production  problem  of 
forming  two  bends  in  a  long  len^h 
of  tubing  was  solved -by  “teaming 
up”  two  DI-ACRO  Benders  as  illus¬ 
trated.  This  dual-forming  arrange¬ 
ment  saved  installation  of  special 
machinery.  Two  accurately  formed 
bends  are  obtained  iri  one  operation 
— without  distortion  of  the  tube  and 
at  a  cost  competitive  to  power 
operated  equipment.  More  than  300 


pieces  are  completed  per  hour — 600 
individual  bends. 

’'DIE-LESS  DUPLICATING”  Often 
Does  It  Quicker  WITHOUT  DIES 

This  is  but  one  example  of  how  DI- 
ACRO  precision  machines — Benders, 
Brakes  and  Shears — can  accurately 
and  economically  duplicate  a  great 
variety  of  parts, 
pieces  and  shapes, 


jmpment.  More  than  300  without  die  expense. 
Writ*  for  Catalog— "DIE-LESS  DUPLICATING" 


'4DI-ACRO  it 


>d  "DIE-ACK-RO* 


OnEIHRUlin 


321  EIGHTH  AVENUE 


LAEE  CITY.  MINNESOTA 


U.H.F.  STANDARD  SIGNAL 
GENERATOR  MODEL  84 

SPEanCATIONS 

CARRIER  FREQUEP4CY:  300  to  1000  megacydos. 

OUTPUT  VOLTAGE:  0.1  to  100,000  microrolts. 

OUTPUT  IMPEDAPICE:  SO  ohms. 

MODULATION:  SINEWAVEi  0—30%,  400, 1000  or  2500 
cydos.  PULSE  t  Repatition — 60  to  100,000  cydos.  Width — 
1  to  50  microsoconds.  Delay— 0  to  50  microseconds.  Sync, 
input — amplifier  and  control.  Sync,  output — either  polarity. 

DIMENSIONS:  Width  26",  Height  12",  Depth  10". 

WEIGHT:  125  pounds  induding  external  line  voltage  regulator, 


(continusd) 


been  redesigned.  The  representa¬ 
tive  system  illustrated  comprises 
ignitron  contactors,  sequence  con¬ 
trols  for  electrodes,  and  a  synchro¬ 
nous  weld  timer,  all  components 
meeting  new  NEMA  standards. 

Counting-Rate  Meter  (46) 

General  Radio  Go.,  275  Massachu- 
sets  Ave.,  Cambridge  39,  Mass. 
A  counting-rate  meter  and  Geiger 
counter  are  available  for  both  qual¬ 
itative  and  quantitive  observation 


of  radioactive  materials  and  cosmic 
radiation.  A  loudspeaker  is  provided 
for  the  former  and  either  a  meter 
or  an  ink  recorder  can  be  used  to 
count  rates  from  6  to  20,000  a  min¬ 
ute. 

Plastic  Case  Meter  (47) 

Assembly  Products  Inc.,  Main 
and  Bell  St.,  Chagrin  Falls,  Ohio. 
A  line  of  panel  meters  in  clear 
plastic  cases  is  now  available.  Ad¬ 
vantages  claimed  for  the  instru¬ 
ments  are  better  illumination  of  the 


dial  and  an  unbreakable  front 
cover.  The  scale  can  be  illuminated 
by  conduction  of  light  from  the 
rear  along  the  edge  of  the  plastic. 

Antenna  Arrays  (48) 

Technical  Appliance  Corp.,  41-06 

DeLong  St.,  Flushing,  N.  Y.  The 

faBriwry,'  1947  EIICTRONICS 


Multiple 
Headers  ^ 


By  their  exclusive  method  of  production,  HERMETIC  can 
provide  an  unlimited  variety  of  shapes  in  multiple  head¬ 
ers,  with  as  many  terminals  as  desired  molded  into  a 
cover  unit.  No  matter  what  your  specifltations  are  for 
shape,  size  and  weight,  single  terminals  or  multiple 
headers,  your  requirements  can  be  taken  care  of  at  once 
.  .  .  samples  within  48  hours  .  .  .  production  runs,  either 
long  or  short,  immediately  thereafter.  Hermico-Glass 
Headers  are  unhampered  by  any  restrictions  whatsoever 


sistancc  of  over  10,000  megohms  between  body » and 
terminals  or  between  terminals  .  .  .'have  a  permanent 
chemical  bond  between  metal  and  glass  .  .  .  are  capable 
of  withstanding  shock  of  hot  tin  dipping  to  facilitate 
soldering. 


Terminals  may  be  arranged  with  a  minimum  spacing  in 
any  pattern  or  combination  of  voltage  ratings.  Illustrated 
are  only  a  few  variations.  The  range  is  unlimited,  offer¬ 
ing  you  the  kind  of  latitude  that  will  enable  you  tp 
distinguish  your  products  from  those  of  competition.' 


Hermico-Glass  Headers  are  vacuum-tight' 


Submit  details  of  your  roquiromonis  for  samples  and  estimates  of 
amazingly  low  cost  multiple  headers  that  are  guaranteed  impervious  to 
every  element.  Your  inquiry  will  receive  immediate  attention. 


414-418  MORRIS  AVENUE  •  NEWARK  3,  NEW  JERSEY 
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AIR-WOUND 
INDUCTORS 


%-.\v  '■ 

.•;■•  •••  •  I 

•V'  "  •  '  ' . . 


0l  •  LOWER 

DKLEGTRK  LOSS 

•  GREATER  ADAPTABH.ITY 
M  MOUNTING 

•  LIGHTER  WEIGHT 

•  EASER  TAPPING 

:  •  LESS  CHANCE 
OF  BREAKAGE 

All  types,  shapes  and  sizes 
including  turrets  for  modern 
Radio-Electronic  needs. 


BARKER  & 
WILLIAMSON 


.£-27237  FAIRnaD  AVL,  UPPER  DARBY,  PA. 


type  620  combination  folded  dipole 
and  reflector  antenna  for  f-m  re¬ 
ception  is  illustrated.  Dipole  and 
reflector  rods  are  aluminum,  but 
the  mast  is  wood  to  permit  attach¬ 
ing  the  300-ohm  ribbon  type  trans¬ 
mission  line  directly  to  it  for  me¬ 
chanical  support.  Other  types  of 
f-m,  television,  and  a-m  arrays  are 
described  in  catalog  27A. 


Null  Detector  (49) 

Geiaeral  Radio  Co.,  275  Massachu¬ 
setts  Ave.,  Cambridge  39,  Mass. 
The  type  707- A  cathode- ray  null  de¬ 
tector^  is  hot  new,  but  has  only  re¬ 
cently  been  put  back  into  produc¬ 


tion.  It  is  useful  at  power-line  and 
audio  frequencies  and  can  be  used 
for  the  comparison  of  frequencies 
by  means  of  Lissajous  figures.  In¬ 
dication  is  by  means  of  a  one-inch 
cathode-ray  tube. 


Literature. 


Audio  Amplifier.  Brook  Electron¬ 
ics,  Inc.,  Box  430,k  Elizabeth,  N.  J. 
A  high  quality  audio  amplifier 
with  optional  bass  and  treble  con¬ 
trols  is  described  in  a  four-page 
leaflet.  The  equipment  is  suitable 
for  broadcast  station  or  home  use. 


Electrical  Insulation.  James  G. 
Biddle  Co.,  1211  Arch  St,  Phila¬ 
delphia  7,  Pa.  Technical  publica- 


an4 

ODAUn  COHTROl 


The  Soundcraft  name 
symbolizes  quality  con¬ 
trol  in  the  manufacture 
of  recording  discs.  It  is 
the  recordists  guarantee 
that  every  Soundcraft  disc 
offers  an  identical  poten¬ 
tial  for  the  utmost  in  high 
fidelity  reproduction. 

• 

One  factor  in  the  success 
of  Soundcraft's  exacting 
quality  control  is  the  disc 
prover.  Capable  of  meas¬ 
uring  minute  differences 
in  surface  noise,  fre¬ 
quency  response,  distor¬ 
tion,  playback  life,  and 
thread  behavior,  this 
multi-channel  test  set  also 
makes  and  compares  re¬ 
cordings  made  under  typ¬ 
ical  studio  conditions. 

• 

Soundcraft  discs  need 
not  be  stamped  with 
serial  numbers.  Disc 
prover  quality  -  control 
plus  triple  inspection  in¬ 
sures  that  every  disc  is 
up  to  the  Soundcraft  high 
quality  standard. 


r  10"  12"  l<" 

’AailSlM’ 

*"  70"  72”  7r 


r*  70"  72"  7<" 
‘AlMcfra* 

7r  7J%"  77»/4" 


REEVES 

SOUNDCRAFT  CORP. 

10  EAST  52  ST.,  NEW  YORK  22.  N.  V. 
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1-3/8  X  3-1/2 


Moiet-n  functionaUff  designed  empmcitors.  Metal 
ferrules  are  soldered  to  silver  bands  fused  to  eaek 
end  of  heavy-walled  glass  tubes.  This  vacuum  tight 
assembly  is  fungus-proof  and  passes  Signal  Corps, 
Uiir  Corps  and  fiavy  thermal  cycle  and  immersion 


COH 


f 


s 


•  HA5TICOMS:  nastle-fUm  Olsisetrle  Capacitors 


I  Order  from  your  jobber:  if  he  cannot  supply  you,  order  direct 

Condenser  Produeis  Companff 


1375  NORTH  BRANCH  STREET  •  CHICAGO  22,tlLLINOIS 
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PLASTiCON*  GLASSMiKES 


Contains  the  fottowing  subjects: — 


Glassmike  characteristics  and  design  data 

Comparison  of  Glassmike  and  Mica  Capacitors  _ 

Uses  of  Glassmikes  for  improved  RF  and  Audio  bypassing 
Use  in  Audio  and  RF  coupling 
Glassmike  in  television  power  supplies 
Video  coupling 
Vibrator  buffer  applications 
Geiger  Counter  Capacitors  ^  ■ 

In,i™menl  ..pacilL  «>«>«<■* 

And  many  other  applications  your  firm  letterhead. 


Announcing  an  illustrated  technical  booklet  on  uses  of 


EH 

AIR-WOUND 

INDUCTORS 
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type  620  combination  folded  dipole 
and  reflector  antenna  for  f-m  re¬ 
ception  is  illustrated.  Dipole  and 
reflector  rods  are  aluminum,  but 
the  mast  is  wood  to  permit  attach¬ 
ing  the  300-ohm  ribbon  type  trans¬ 
mission  line  directly  to  it  for  me¬ 
chanical  support.  Other  types  of 
f-m,  television,  and  a-m  arrays  are 
described  in  catalog  27A. 


Nall  Detector  (49) 

General  Radio  Co.,  275  Massachu¬ 
setts  Ave.,  Cambridge  39,  Mass. 
The  type  707-A  cathode-ray  null  de¬ 
tector  is  hot  new,  but  has  only  re¬ 
cently  been  put  back  into  produc- 


(ft  •  LOWER 
I  DKLECTRIC  LOSS 

•  GREATER  ADAFTABLITY 
M  MOUNTING 

•  LIGHTER  WEIGHT 

•  EASKR  TAPPING 

;  •  LESS  CHANCE 
OF  BREAKAGE 

All  types,  shapes  and  sizes 
including  turrets  for  modern 
Radio-Electronic  needs. 


BARKER  & 
WILLIAMSON 


DErT.E-27237  FAIRHELD  AVL,  UPPER  DARBY,  PA 


tion.  It  IS  useful  at  power-line  and 
audio  frequencies  and  can  be  used 
for  the  comparison  of  frequencies 
by  means  of  Lissajous  figures.  In-  i 
dication  is  by  means  of  a  one-inch 
cathode-ray  tube. 


Literature. 


Audio  Amplifier.  Brook  Electron¬ 
ics,  Inc.,  Box  430„  Elizabeth,  N.  J. 
A  high  quality  audio  amplifier 
with  optional  bass  and  treble  con¬ 
trols  is  described  in  a  four-page 
leaflet.  The  equipment  is  suitable 
for  broadcast  station  or  home  use. 


Electrical  Insulation.  James  G. 
Biddle  Co.,  1211  Arch  St,  Phila¬ 
delphia  7,  Pa.  Technical  publica- 
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QDMY  CONTROL 


The  Soundcraft  name 
symbolizes  quality  con¬ 
trol  in  the  manufacture 
of  recording  discs.  It  is 
the  recordists  guarantee 
that  every  Soundcraft  disc 
offers  an  identical  poten¬ 
tial  for  the  utmost  in  high 
fidelity  reproduction. 

• 

One  factor  in  the  success 
of  Soundcraft’s  exacting 
quality  control  is  the  disc 
prover.  Capable  of  meas¬ 
uring  minute  differences 
in  surface  noise,  fre¬ 
quency  response,  distor¬ 
tion,  playback  life,  and 
thread  behavior,  this 
multi-channel  test  set  also 
makes  and  compares  re¬ 
cordings  made  imder  typ¬ 
ical  studio  conditions. 

• 

Soundcraft  discs  need 
not  be  stamped  with 
serial  numbers.  Disc 
prover  quality  -  control 
plu<i  triple  inspection  in¬ 
sures  that  every  disc  is 
up  to  the  Soundcraft  high 
quality  standard. 


r*  10"  12"  16" 

'Aw^hm' 

6V2"  r  i<r  ir  ir 


REEVES 

SOUNDCRAFT  CORP. 

10  EAST  52  ST..  NEW  YORK  22.  N.V 
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Modet-n  functioHaltp  detigned  ompacitort.  Metat 
ferrule t  are  aoldered  to  Hlver  baud*  fused  to  each 
end  of  heovp-walled  glass  tubes.  This  vacuum  tight 
assembly  is  fungus-proof  and  passes  Signal  Corps, 
•iir  Corps  and  Navy  thermal  cycle  and  immersion 


Announcing  an  illustrated  technical  booklet  on  uses  of 


Contains  the  following  subjects: — 

#  Glassmike  characteristics  and  design  data 

#  Comparison  of  Glassmike  and  Mica  Capacitors 

#  Uses  of  Glassmikes  for  improved  RF  and  Audio  bypassing 

#  Use  in  Audio  and  RF  coupUng 

#  Glassmike  in  television  power  supplies 

#  Video  coupling 

#  Vibrator  buffer  applications 

#  Geiger  Counter  Capacitors 

#  Instrument  capacitors 

#  And  many  other  applications 

•PL4STICONS:  Mastlc-fUm  DIsIsefrIc  Capacitors 

Order  from  your  jobber:  If  he  cannot  supply  you,  order  direct 


Come  its  and  visit  I 
ottr  exhibit  at  the  | 
shots,  I 
March  3-7,  incl.  I 


WRITE  for  above  free  booklet 
on  your  firm  letterhead. 


Condenser  frodueis  Comjpait^ 

137S  NORTH  BRANCH  STRfET  •  CHICAGO  22.dLllNOIS 
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UNIVERSAL 

WINDING  MACHINES 
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NEW  PRODUCTS 


tion  21T4  entitled  “Temperature- 
Resistance  Characteristics  'of 
Electrical  Insulation”  summarizes 
the  composite  nature  of  electrical 
insulation  and  the  wide  variations 
in  insulation  resistance  owing  to 
temperature  changes.  Simplified 
curves  of  temperature  correction 
factors  are  presented. 


(52) 

House  Organ.  Tracerlab  Inc.,  55 
Oliver  St.,  Boston  10,  Mass.  The 
first  issue  of  “Tracerlog”  an¬ 
nounces  its  purpose  to  publish 
technical  information  on  labora¬ 
tory,  medical  and  industrial  uses 
of  radioactivity  as  well  as  descrip¬ 
tions  of  Tracerlab  products  and 
services.  The  monthly  publication 
will  be  mailed  free  to  interested 
physicists,  chemists,  physicians 
and  engineers. 


PARTNERS 
IN  TIME! 


Today,  time  saved  means  more 
than  minutes — 4t  means  markets. 
There's  no  surer  yfay  to  speed 
production  than  by  the  use  of 
time-saving  tools.  That  Spintite 
wrenches  achieve  this,  is  proved 
by  their  acceptance  on  the 
assembly  lines  of  the  radio 
industry. 

A  lew  simple  tvsisft  of  the 
screwdriver  type  Spintite  speed 
parts  into  place  with  a  minimum 
of  waste  motion. 

Ranging  in  size  from  3/16"  to 
5/8",  Spintites  are  available  to 
fit  square,  hex.  or  knurled  nuts. 

When  time  is  of  the  essence, 
there's  no  substitute  for  Spintites. 


(53) 

Stand-By  Antenna.  Andrew  Co., 
368  East  75th  St.,  Chicago  19,  Ill. 
The  type  1200  folded  quadrupole 
antenna,  approved  by  FCC,  is  im¬ 
mediately  available  for  f-m  trans¬ 
mitters.  Bulletin  46  offers  full  de¬ 
tails. 


Up  to  four  lattice-type  coils  of  like  specifi¬ 
cations  are  prodiM’ccl  at  the  same  time  on  the 
IS'o.  B4  Uni\ersal  Coil  Winding  Machine. 
Two  machines  can  often  be  assigned  to  a 
single  operator. 

The  higher  rate  of  production  .  .  .  plus 
other  advantages  listed  below  .  .  .  makes  the 
No.  84  ideal  for  a  great  variety  of  cross¬ 
wound  coils. 

ACCl^RACY.  Quickly -adjustable“gainer” 
mechanisin'  accurately  places  wire  turns 
(spaced  or  close-wound).  “Veeder”  Pre- 
Determining  Counter. 

CONVENIENCE.  Strap-type  tensions 
facilitate  handling.  In-built  calibration. 
Quick-adjusting  wire  guide  holders. 

PRODUCTION.  Winding  speed.  400-750 
rpm.  Wires  as  fine  as  No.  46  unrolled  with¬ 
out  breakage. 

DURABILITY.  Many  No.  84  machines 
now  operating  have  ^ 
been  in  service  20  years  "tlTi 

Write  for  Bulletin  84.  ®  J 

Universal  Winding 
C^.,  P.  O.  Box  1605, 

Providence  1,  R.  1.  ‘ 


(54) 

Microwave  Components.  Sperry 
Gyroscope  Co.,  Inc.,  Great  Neck, 
Y.  A  six-page  folder  describes 
a  crpss-section  of  products  avail¬ 
able.  Although  most  of  the  space 
is  given  over  to  microwave  equip¬ 
ment,  industrial  and  navigation 
equipment  is  also  described. 


(55) 

Speech  Equipment.  Collins  Radio 
Co.,  Cedar  Rapids,  Iowa.  A  new 
catalog  just  published  includes  in¬ 
formation  on  all  essential  speech 
eq^iipment  and  accessories  for 
broadcast  use. 


(56) 

Ceramics  Wall  Chart.  American 
Lava  Corp.,  Chattanooga  5,  Tenn. 
A  two-color  wall  chart  has  been 
prepared  for  free  distribution  to 
engineers  desiring  complete  infor¬ 
mation  on  the  more  widely  used 
types  of  AlSiMag  compositions. 
While  the  chart  does  not  attempt 
to  cover  the  many  special  types  of 


T-73  S«t,  hai  7  sixes  of  hex  heads. 
Shock-proof  handles,  and  cold  forged 
sockets  assure  safety  and  strength. 


For  Winding  Coils 
in  Quantity  Automaticallyf 
Accurately —  Use  .  .  . 


STEVENS -WALDEN 


INCORPORATED 

Worcester  •  Massachusetts 
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Seco  automatic  voltage  regulators 


Bindistoried 


•  ZERO  WAVEFORM  DISTOR¬ 
TION... a  characteristic  af  all  SECO 
Automatic  Voltage  Regulators..', 
is  not  the  most  important  but 
certainly  a  highly  desirable  feature 
in  voltage  regulating  equipment. 

Please  keep  in  mind  — 


Seco  Automatk 
Voltage  Regulators 
produce  zero 
waveform  distortion 


But... zero  waveform  distortion 
is  just  one  of  the  many  decided 
advantages  of  SECO  Automatic 
Voltage  Regulators.  A  few  others 
are  listed  and  a  more  comprehen¬ 
sive  investigation  would  reveal 
such  factors  as  low  cost  per  KVa  — 
easy  installation  rugged  me¬ 
chanical  construction. 

Consider  these  combined  ad* 
vantages  when  in  need  of  equip¬ 
ment  to  maintain  CONSTANT  VOLT¬ 
AGE  to  electrical  apparatus. 

SECO  Automatic  Voltage  Reg- 
.  ulators  offer  more  per  dollar  value 
whether  the  requirement  involves 
I  or  TOO  KVA.  .  -  ..  '  : 


Send  for  Bulletin  150  LE 


BRISTOL,  CONNECTICUT,  U.S.A. 
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1  RAPID  CORRECTION 

OF  LINE  VOLTAGE 

VARIATIONS  1 

1  NO  CRITICAL  MECHANICAL  ADIHSTMENTS  I 

1  DOES  NOT  AFFECT 

POWER  FACTOR  if 

thi  SYSTEM  1 

1  NOT  AFFECTED  BY 

CHANGES  ir  till 

POWER  FACTOR  OR 

MAGNITUDE  if  thi 

LOAD 
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NEW  PRODUCTS 


ceramics  available,  electronic, 
electrical  and  mechanical  engi¬ 
neers  will  find  it  of  great  use. 


,^>^nnouncement 


(57) 

Frequency  Shift  Converter.  H.  O. 
Boehnie,  Inc.,  915  Broadway,  New 
York,  N.*  Y.  The  type  5-C  frequency 
shift  converter  accepts  the  output 
of  two  diversity  receivers,  com¬ 
bines  the  signals  and  converts 
them  into  polar  or  neutral-keyed 
direct  current.  A  four-page  folder. 


In  order  to  unify  the  handling  of  all  foreign  business 
and  to  provide  the  best  possible  service  to  our 
customers,  we  are  pleased  to  announce  the  ap¬ 
pointment  of: 


RCA  INTERNATIONAL  DIVISION 

745  nfth  Aveaae,  New  York  22.  N.  Y.,  U.  S.  A. 
Rodiegram  Address:  RADIOINTER 


(58) 

Power  Rheostats.  International 
Resistance  Co.,  401  N.  Broad  St., 
Philadelphia  8,  Pa.  Bulletin  E-1 
covers  the  characteristics  and 
specifications  of  the  type  PRT 
(AN  3155)  power  rheostats.  Tem¬ 
perature  rise  curves  and  dimen¬ 
sions  are  clearly  pictured. 


as  exclusive  distributors  for  our  product  in  all 
countries  outside  the  United  States 


BOONTO 


ADIO  I 


^  0«sigji«rt  md  Mamrfoctiirsrt  sf 
TIm  QX*Ch«ck«r  .  .  SigMil  e*Mrators 

Ofh*r  Direct  Rccdiag  iMtmiMsfs 


(59)  . 

Regulated  Power  Supplies.  Furst 
Electronics,  800  W.  North  Ave., 
Chicago  22,  Ill.  New  catalog  sheets 
describe  the  models  310-A  and 
310-B  electronically  ■  regulated 
power  supplies.  The  type  310-A 
also  provides  a  source  of  variable 
a-c. 


(60) 

Radar  Brochure.  Radiomarine 
Corp.  of  America,  75  Varick  St., 
New  York  13,  N.  Y.  A  six-page, 
two-color  booklet  has  been  issued 
to  give  information  on  the  CR-101 
navigation  radar  equipment  that 
operates  on  the  3.2  centimeter 
band. 


(61) 

Magnetic  Recorder.  Magnecord, 
Inc.,  304  West  63rd  St.,  Chicago  21, 
Ill.  Specifications  and  a  complete 
resume  of  the  features  of  the  type 
SD-1  magnetic  wire  recorder  are 
given  in  a  four-page  brochure. 


(62) 

Plastics  Molding  Service.  G.  Fel- 
senthal  and  Sons,  4100  W.  Grand 
Ave.,  Chicago  51,  Ill.  A  multicolor 
24-page  book  arranged  as  a  file 
folder  shows  in  detail  the  work 
done  by  ^?ie  company  in  making 
plastic  computers,  industrial  parts. 


BURNDY .  •  •  New  York  54,  N.  Y.  In  Canada:  Canadian  Lino  Materials, 
Ltd.,  Toronto  13.  Foreign:  Philips  Export  Corp.,  New  York  17,  N.  Y. 
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XJ.ERE  is  a  new  grade  of  graphite  that  makes 
possible  the  design  of  greatly  improved  and 
more  economical  power  tubes. 

This  graphite,  developed  as  a  result  of  war¬ 
time  needs,  is  stronger  than  ever  before.  It  has 
Aner  grain  structure.  And  it  is  the  purest  graph¬ 
ite  ever  produced  for  this  purpose. 

Sylvania  Electric  Products,  Inc.,  is  taking  ad¬ 
vantage  of  this  “National”  graphite  in  new 
tubes  soon  to  be  announced. 

This  new  “National”  graphite  offers  you  many 
advantages.  It  has  no  melting  point  and  does 


not  distort  at  highest  temperatures.  It  has 
high  thermal  emissivity,  thus  permitting 
heavy  overloads  of  the  anode  and  providing  a 
welcome  reserve  of  plate  dissipation.  Also  it 
has  unmatched  thermal  conductivity. 

Write  for  complete  details.  Address  National 
Carbon  Company,  Inc.,  Department  E. 


The  word  "Sation4d”  is  m  registered  trade-mark  of 

NATIONAL  CARBON  COMPANY,  INC 

30  East  42nd  Street,  New  York  17,  N.  Y. 

Unit  of  Union  Carbide  and  Carbon  Corporation 


Division  Salas  Offices:  Atlanta,  Chicago,  Dallas,  Kansas  City, 
New  York,  Pittsburgh,  San  Francisco 
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More  and  More  Users  of  Extruded  Vinyl  Tubing 

are  Standardizing  on 

NATVAR^400 


Most  users,  to  make  sure  that  they  get  the  right  tubing  for  a  particular  job,  run 
tests  on  the  various  extruded  tubings  available  to  find  out  whether  they  are 
suitable.  For  some  applications,  heat  resistance  is  of  prima^  importance.  For 
others,  it  may  be  tensile  strength,  high  dielearic,  oil  resistance,  low  moisture 
absorption,  or  a  combination. 

Before  Natvar  #400  was  available,  it  was  often  the  practice  to  stock  several 
different  types  of  special  purpose  tubings.  This  is  no  longer  necessary.  Test 
reports  show  that  Natvar  1400  is  able  to  hold  its  own  on  practically  every 
count  for  which  a  special  purpose  tubing  might  be  considered. 

One  of  the  largest  electrical  manufacturers  reports : 

This  tubing  has  been  used  in  radio  transformer  con¬ 
struction  here  at  -  for  some  time,  and  it  has  been 

found  satisfactory  ...  A  comparison  of  our  results  with 
•  those  of  the  supplier  is  very  favorable  . . .  One 
peculiar  characteristic  of  this  material  is  the  manner 
in  which  it  behaves  after  immersion  in  hot  transformer 
oil.  A  sample  before  immersion  gave  a  tensile  strength 
of  4140  psi,  and  after  immersion  a  tensile  strength  of 
6890  psi.  ...  The  sag  test  which  was  conducted  in  this 
investigation  was  more  severe  than  is  usually  conducted 
on  materials  of  this  type.  Nevertheless,  this  tubing 
performed  remarkably  well  under  these  conditions  ...  A 
copy  of  this  report  is  being  sent  to  the  various 
division  engineers  for  review. 

Another  large  electrical  manufacturer  reports : 

MATERIAL  TESTED:  #400  Natvar  Tubing,  Flexible 
Extruded  Vinyl. 

Effect  of  Heat:  Like  any  other  plastic,  this  material 
softens  upon  heating,  but  at  125°  C.  it  does  not  flow 
or  sag.  It  remains  unaltered,  except  for  darkening, 
after  a  week  in  the  drying  oven. 

Effect  of  Oil:  In  oil  at  100°  C..  the  tubing  does  not 
swell,  soften,  dissolve  or  harden.  It  remains 
unchanged  except  for  a  change  in  color. 

Effect  of  Compound  Treatment:  The  tubing  flatted 
out  due  to  heat,  but  was  still  pliable  when  removed. 

It  is  satisfactory  for  this  application. 

Dielectric  Strength:  Dielectric  Puncture  Tests,  using 
a  metal'  rod  as  inner  electrode,  and  copper  ribbon  as 
outer  electrode,  gave  the  following  results  (tested  in 
oil  at  room  temperature): 

Short  Time 

As  received  19,000  v=725  v/mil 

Dried  2  days  §  125°C  19,000  v=744  v/mil 
Dried  3  days e  125°C  26,000  v=1023  v/mil 
plus  24  d.  in 
oil  :  •100°C 

Underwriters’  Laboratories  limitations  permit  wide  use.  Natvar  #400  is  now 
available  for  immediate  shipment  in  most  sizes,  either  from  your  wholesaler’s 
stock  or  from  our  own.  Write,  wire  Qr  phone  us  your  requirements. 


Step-by-Step 

17.600  v=691  v/mil 
16,800  v=667  v/mil 
19,400  v=723  v/mil 


Excerpts  from  the  E.T.L.  report  covering  tests 
made  on  Natvar  No.  400  in  accordance  with 
A.S.T.M.  Standards. 

DIELECTRIC  STRENGTH-A.S.T.M.  D350-45 
Averaac  volts  per  mil:  At  28*C — 1090 
At  85*C—  700 
Wall  thickness:  .02)3' 

DIELECTRIC  CONSTANT  AND  POWER  FACTOR 
.  Dielectric  corutant  at  29*C  and  relative  humidity  60% 
At  60  cycles:  8. IS 

At  I  megacycle:  4.)S 
Power  Factor:  At  60  cycles:  .0S6 

At  1  megacycle:  .064 

ARC  RESISTANCE-A.S.T.M.  D495-42 
Average — 133  seconds 

OIL  RESISTANCE— A.S.T.M.  D293-43T 

"Turbol  10”  at  10S*C  was  used.  After  15  minutes  im- 
Tnersion  there  was  no  apparent  change  in  the  tubing. 
After  24  and  48  hours  there  was  no  sign  of  change  in 
the  tubing.  Three  separate  tests  were  made. 

HEAT  ENDURANCE-A.S.T.M.  0350-43 
After  7  days  at  125®C  the  tubing  did  not  crack  or 
otherwise  fail  when  bent  180*  around  a  5/16"  mandrel. 

TENSILE  STRENGTH  AND  ELONGATION 
At  200%  elongation:  Average  1980  lbs.  per  sq.  in. 

At  Maximum;  Average  2870  lbs.  per  sq.  in. 

Total  elongation:  350% 

LOW  TEMPERATURE  FLEXIBILITY^ 

After  3  hn.  at  minus  30*F  specimens  were  bent 
around  a  mandrel  9/14"  in  diameter.  There  was  no 
sign  of  cracking  or  other  failure. 

FLAME  RESISTANCE— D350-43 
Burned  about  1^4  in.  in  10  to  15  seconds  and  then  went 
out.  Three  tests  were  made. 

EFFECT  OF  CHEMICALS 
Effect  of  7  days  immersiotf*  in  soWents  at  room  tem¬ 
perature  ,  average  of  3  tests  in  each  solvent: 

Change  in  dimensions 
Change  in  weight  Per  cent  of  dimensions 
Per  cent  of  bf  specimen  as  received 
Solvent  weight  of  speci-  Outside 

men  as  received  Length  diameter  Thickness 

5  pet  cent 

sulfuric  acid  ■(-  0.41 

1  per  cent 
potassium 

hydroxide  -f-  0.83 

Petroleum  +  6.62 

Ethyl  Alcohol  -f-  1.66 

Benzol  +21.9 

WATER  ABSORPTION 

Average  of  5  tests 

Water  absorption,  per  cent  by  weight  of  dry 
specimen  0.63 

Soluble  matter,  per  cent  by  weight  of  dry  specimen  0.01 
Total  water  absorption,  per  cent  by  weight  of  dry 
specimen  0.64 

Change  in  dimensions:  in  length  none 

in  outside  diameter  none 

in  thickness  none 


none  none  none 

none  none  none 

+2.6  none  none 

none  none  none 

+6.6  +10.9  —24.0 


THE 
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CAtlE  ADDRESS 

NATVAR:  RAHWAY,  N.  J. 


ODHCTS 


201RANDOLPH  AVENUE'  He  WOODBRIDGE  NEW  JERSEY 
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I  PERFECTION 


BU[>  RADIO,  INC 
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nameplates,  scales  and  crystals. 
Tables  showing  characteristics  of 
some  plastics,  decimal  equivalents 
and  a  temperature  conversion 
table  are  included. 


(63) 

Flexible  Shaft  Index.  S.  S.  White 
Dental  Mfg.  Co.,  10  E.  40th  St., 
New  York  16,  N.  Y.  An  index  has 
been  prepared  and  is  available  for 
those  owning  a  flexible-shaft  hand¬ 
book. 


you  need  to 
succeed  in 
ELECTRONICS 


1  OU  can  Bpeed  up  your  advancement  con- 
eiderably  in  electronic*  work  with  a  better 
knowledge  of  diagrammatic  drawing  aa  It 
applies  to  the  recent  technical  developments 
In  this  field.  To  assist 
you  in  this  achieve- 

ment  here  is  a  prac-  ' 

tical  and  up-to-the- 
minute  drafting 

guidebook,  written  i 

particularly  for  all  ^L|nl 

in  radio,  television,  AVlIll 

industrial  electron- 
lea  and  communica- 

tiotfk  engineering.  It  ■■1  ^ 

brings  you  the  infor- 

mation  you  need  for  ^  a  ^  I 

a  clear  understand-  ^B  B  K 

ing  of  principles  and  ^B  Is  1 

procedures  which  are  ^B 
fundamental  to  to-  w 

day’s  best  practices  | 

in  electronics  draft-  1 

ing.  ■  I 


(64) 

Wire  Stripper.  The  Williams  Prod¬ 
ucts  Co.,  515  Main  St.,  Middletown, 
Conn.  A  machine  that  cuts,  strips 
and  slits  covered  wire  at  high 
speed  can  be  adjusted  to  any  wire 
up  to  i  inch  diameter.  It  has  been 
designed  for  production  use.  Fur¬ 
ther  information  is  available  from 
the  manufacturer. 


In  omotaur  radio  Joday  porfecUon  U 
an  absolute  necessity.  The  old  days  oi 
hit-or-miss  operation  are  gone  forsTer. 
A  good  example  of  the  need  for  per¬ 
fection  is  the  ever-present  menace  of 
the  PINK  TICKET.  Today  with  fre¬ 
quency  multipliers  in  practically  all 
transmitters,  it  is  easy  to  hit  the  wrong 
Harmonic.  The  positive  way  to  tell 
which  bond  you  ore  on.  is  by  using 
the  BUD  WM-78  wavesseter. 


The  BUD  WM-78  covers  all  amateur 
bonds  from  160  to  5  meters  ...  ac¬ 
complishing  this  by  bondswitching.  Due 
to  its  sensitivity  the  BUD  WM-78  can 
also  be  used  as  o  neutralising  Indicotor. 


Tube  Registry _ 

Tube  Types  Registered  by  RMA  (Starting 
Oct.  1946) 


Drafting  for 

ELECTRONICS 


L.  F.  B.  Carini,  Formerly  United  States  Coast 
Guard  Reserve,  Communications  Engineering 
Division,  Coast  Guard  Headquarters,  Wash¬ 
ington,  211  pages,  6x9,  180  illustrations,  $2.S0. 


I  HIS  prsctirsl  guide  and  reference  manual  clearly 
explsinii  and  illustrates*  the  principlee  of  sche¬ 
matic  development  as  applied  to  diagrammatic  drafting 
for  the  electronics  field.  •  From  the  practical  viewpoint 
of  the  draftsman  it  reviews  drafting  fundamentals  and 
fully  covers  the  planning,  development  and  reproduction 
of  specialized  drawings.  Based  on  approved  standards 
of  the  American  Standards  Association  and  the  Insti¬ 
tute  of  Radio  Engineers,  the  book  is  in  accord  with 
the  most  widely  accepted  practices.  Special  attention  is 
devoted  to  the  correct  technique  as  applied  in  the  proiee- 
tion  of  diagrammatic  drawing  and  full  consideration  Is 
given  to  progress  in  technical  developments  in  electronics. 

See  ffcese  14  ckaptTS  for  practical  kelp: 

1.  Schematic  Drafting  8.  Schematic  Patent 

2.  Fundamentale  of  in-  Drawing 

etmmental  Drawing  9.  industrial  Electronics 

3.  Essential  of  Lettering  jq.  Technicsl  Outline 

4.  Abbreviations  and  Drawings 

K  Ral  "•  Graphic  Integration 

*■  an"  '  '*■  Chocking  of  Drawings 

6.  Schematic  Dellnea-  13.  Preparing  Drawing 

tion  Prints 

7.  Schematic  Circuit  14.  Drawings  for  Repro- 

Proleetlon  ductlon 


your  cost  at  your  radio  part*  dealer 


LET  BUD  SUPPLY 
ALL  YOUR  NEEDS 


fi/-5.0v  R',  -  230  watts 

7/  -  14.6  amp  Cj,  -  12.7  kmI 

Ek  "  1,000  V  (max)  C.,(  -  4.5  agf 

7s  “  350  ma  tfC.  ■■  0.06  uuf 

ffm  “  4,000  aiiihoe 

Tetrode  power  amplifier/oscillator, 
filament  type. 


Examine  this  book  10  days  free-mail  coupon 


with  the  latest  types  of  rodio  equip¬ 
ment.  including  variable  condensers, 
coils,  chokes,  dials,  switches  and  a 
complete  line  of  shoot-metalware. 


McGraw-Hill  Book  Co..  330  W.  42nd  St..  N.Y.C.  18 
Send  me  Carini — Drafting  for  Electronics,  for  10  days’ 
examination  on  approval.  In  10  days  I  will  send  $2.58, 
plus  few  cents  po^age,  or  return  book  postpaid.  (Post¬ 
age  paid  on  rash  orders.) 


Name 


Address 


Type  6BL6 

Velocity  modulation  reflex  oscilla¬ 
tor,  heater  type,  pee-wee  4-pin  base, 
metal  glass  envelope,  maximum 


City  and  State. 


Company 


...I,-2-47 
IS  Rich- 


Position  . 

For  Canadian  price  write  Embassy  Book  Co. 

mond  Street  E.,  Toronto  1. 
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Use  ROCKBESTOS  Wires,  Cabtes  and  Cords 
to  Keep  Your  Products  in  Active  Service 

Makers  of  all  sorts  of  products  ranging  from  airplanes  to  electronic 
devices,  who  spend  a  lot  of  time  and  money  trying  to  make  them 
failure-proof,  can  appreciably  reduce  electrical  failures  by  turning  their 
wiring  problems  over  to  Rockbestos. 

Build  customer-satisfaction  into  your  products  with  wires,  cables 
and  cords  designed  to  give  them  wide  safety  margins. for  long-range 
operation  under  the  most  severe  conditions.  Reduce  profit-eating 
returns  for  repairs  or  replacement  and  expensive  service  calls  with 
Rockbestos  constructions  that  have  been  time-tested  under  heat  and 
moisture,  oil,  grease  or  corrosive  fumes  in  everything  from  airborne 
radio  equipment  to  hot  metal  cranes. 

For  information,  samples,  recommendations  or  engineering  as¬ 
sistance  write  to  the  nearest  district  office  or: 


frem  thtst  thrtt  basic 
Rockbestos  constructions 
tij  different  permanently  in- 
sulated  wires,  cables  and  cards 
f  have  been  developed  to  give  better 
service  under  severe  or  unusual  op¬ 
erating  conditions.  ^ 


ROCKBESTOS  PRODUCTS  CORPORATION 

444  Niceli  St.,  N«w  Hav*n  4,  Conn. 


ROCKBESTOS 


The  Wire  with 
Permanent  Insulation 


NEW  YOttK  KUFFAIO  aEVHAND  DETROIT  CHICAGO  PITTSBURGH  ST.  LOUS  LOS  ANGUES  SAN  FRANCISCO  SEATTU 


PORTLAND,  ORE. 
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White  our  producfion  hat  not  yet  caught 
up  with')  the  heavy  demand  for  SUPREME 
Tettert,  it  it  tteadily  increating. 
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£1/  -  15  V 
//  —  135  wnp 

M  -  42 

gm  ••  14,000  Mmhos 
Ek  “  15,000 v(inax) 
—  8  amp 
S,  -  -3,000  V 
/«  —  1  amp 


IT,  -  40.000  w 

(9C30),  20,- 

000  w  (9C31) 
Ci,  46  Hid 
Cmi  -  8.6  itui 
gC,  -  9C30  -35Ma» 
9C31  -40  nA 


filament  type  (9C30  water  cooled, 
9C31  forced  air). 


IN.  - 

9C3I 


Type  7C27 

T  riode  power-amplifier/osc  illator, 
forced  air  cooled,  thoriated  tung¬ 
sten  filament  type,  metal  glass  en- 


’  If  you  have  not  racaWad  your 
•  SUREME  Tuba  Tartar,  Sat  Tartar.  Oc 
^  ciHator,  Oteillotcopa,  Multi-Hatar,  chack  with  your 
Authorixad  SUPREME  Distributor. 


t  * 
_L^ 
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quick 


WINK 


Ek  —  6.3  V 

0.735  IN:- 4 

/k  —  0.65  amp 

— ^ n  ^ 

£«i  —  0  V 

Ea  -  325  V 

f 

Ea  -  325  T 

r" 

— i  7 

Ik  —  25  ma 

i>AUr  —  —  40  T 

I.OOIN  *(“ 

A 

Not  a  word  or  a  note  need  be  missed  when  your 
record  players,  record-changers  or  recorders 
are  equipped  with  Smooth  Power  motors. 
That’s  because  these  units  are  built  for  split- 
second  pick-up  to  full  constant  speed. 

Their  quietness  and  freedom  from  vibration 
give  smooth  performance  that  will  delight 
your  customers.  From  our  complete  line  of 
Smooth  Power  phonomotors,  recorders  and 
combination  recard-changer 
recorders,  you  can  select  ex¬ 
actly  the  right  units  to  match 
your  own  fine  products. 


>  'HE  General 
Industries  CO. 


I  OI-RI»4  Smoalh  Pawf  RacorJIwa  Motor  DEPT.  ME  •  ELYRIA'  •  OHIO 


MVi  YOU  RBCEniD  YOUR 

SUPREMEP 


operating  frequency  (3}  mode) 
2,200  me. 


Type  3C33 

Double  triode  power  amplifier/oscil- 


£:/-12.6v  ; 

//  —  1.125  amp 
M  -  11  Z 

Et  —  1.000  V  (max)  -•« 

ik  —  120  ma 

•  Wf  —  IS  watto  ! 

Cin~S5llA  I 

Cni  —  4.0  MmI  : 

gCp  -  5.2  itid  ; 


lator,  heater  type,  integral  glass  en¬ 
velope-base. 


Types  9C30  and  9C31 

Triode  power  amplifier/oscillator. 


I  jUfBtwt  ntntKtgHl 


ii9  n«w  c«Ulogu«  now  roady. 

For  complofo  dotcription  ol 

-  EXPORT  DEPT.  THE  AMERICAN  STEEL  EXPORT  CO.«  INC. 
—  374  Madison  Avk..  New  York  17.  N. .Y. 


DRAKE  MANUFACTURING  CO 


1713  W  HUBBARD  ST.  CHICAGO  22  ILL 


16  >V)2tNCH 


Na75Ai 


Jewel  Assembly 


No  matter  what  type  or  size  of  Jewel 
Light  Assembly  you  need,'  chances 
are  we  can  produce  it  for  you  quickly, 
more  satisfactorily;  aMriNbt  lower 
cost!  Here,  every  faciBty  fc  avail¬ 
able  for  high  speed  quantity  produc¬ 
tion  .  .  .  speedy,  efficient,  economical 
service.  Drake  ptUented  features  add 
greatly  to  the  value  and  dependa¬ 
bility  of  our  products. 

You’ll  like  the  friendly,  intelligent 
cooperation  of  our  engineers.  Let 
them  help  you  with  signals  or  illu¬ 
mination  problems.  Suggestions, 
sketches,  cost  estimates  or  asking 
for  our  newest  catalog  incur  no 
obligation. 


NEW  PRODUCTS 


Et  -  16.0  V 
It  ^  28.5  amp 
It  -27 
Bt  -4,000  V 
It  —  2.0  amp 
Ea  -  -1,000  V 
—  0  2  amp 
Wp  m  3,000  w 
Cin  —  14  Mat 
C,mi  —  0.4  Mat 
gCp  —  14  aat 


(continuad) 


K-3.5CX)  IN.- 


velope,  maximum  ratings  up  to 
110  me. 


Type  4C27 

Triode  power  amplifier,  forced  air 
cooled,  heater  type,  metal  glass  en¬ 
velope.  Typical  operation  at  215 


£/  -  6  V 

It  —  6.5  amp 
a  -  23 

8,000  v(max) 

1,000  V 

150  watts 
11  aat 
2 .25  aat 
8  aat 


• . 2  IN. . 

1 

(T  i1 

i4in. 

-i- 

o 

Et 

Ea 

Cl, 

CnI 

gCp 


me  using  2  /isec  pulses  at  400  pps 
gives  peak  power  output  of  60,000 
watts. 


Type  1P42 

Phototube,  high-vacuum,  spectral 
response  S-4,  wavelength  of  maxi¬ 
mum  response  4,200  Angstrom,  ca¬ 
pacitance  1.2  jti/if.  Sensitivity  at 


Et 

It 


■  150  V  (max) 
>  0.4  aamp 
(averags) 


v/r  I 

-  H  I  I*  0.19  IN. 

WINDOW 


CATHODE. 

TERMNAL 


A.N00E 

k  termwal 


U  0.H10  IN. 


maximum  response,  0.020  /lamp  per 
/iwatt;  luminous  sensitivity,  25 
/tamp  per  lumen.  Temperature  76  C 
(maximum). 


ALLOY  ‘*C’‘ 


yir  Nklfal-Chromi- 

i(in  alley,  re- 
tliH  exldetlen  at  alavatad 
tamparatwroi;  up  to  2100* 
F.  Alto  utod  for  fixod 
non  •  mognatic  rotitlori. 
Rotitit  chomleol  cerretlen 
by  many  modio.  Spocific 
rotittonen  550  Ohmt/- 
C.M.F. 

Nominally 
\r  60%  NIekol, 
15%  Chromium,  bolanco 
iron.  High  rotittanco  to 
oxidation  and  corrotion. 
Widely  utad  for  retittort 
for  rodio,  electronics,  in- 
duitial  equipment  and 
domestic  opplioncet.  Op¬ 
erating  temperatures  up 
to  1700®  F.  Specific  re¬ 
sistance  675  Ohms/C. M.F. 

AL10Y‘‘45” 

Copper  •  Nickel 
^  alloy  with  con¬ 

stant  resistance  ever  wide 
range  of  temperatures. 
Specific  resistance  294 
Ohmt/C.M.F.;  tempera¬ 
ture  coefficient  0.00002 
Ohms  per  deg.  F.]32-212 
deg.  Used  in  winding  of 
precision  retittort,  rheo¬ 
stats,  and  electrical 
measuring  devices. 


H 


KANTHAL 


Exclusive  man¬ 
ufacturers  and 
distributors  of  KANTHAl 
wire,  ribbon,  and  strip. 

An  alloy  containing  Iron, 
Chromium,  Aluminum 
and  Cobalt  ...  for  oper¬ 
ating  temperatures  up  to 
2462®  F.  Throe  grades, 
A-1,  AS.  DS;  resistivity 

1  872,  837,  812  Ohms/- 
C.M.F.,  respectively,  at 
68®  F. 

As  fine  at  .0006*  for  alloys 
"A",  -C,”  "43." 


and  Fine  Wire  Screen 


m 


tsiiaigl 

IN  TUNGSTEN  and  OTHER  METALS 
AND  SPECIAL  ALLOYS;  ALL  MESHES 
IN  STANDARD  WIDTHS.  OR  WIRE- 
MESH  PARTS  FARRICATED  TO 
ORDER. 

Writs  for  Catalogs. 

THE  C.  O.  JELLIFF 

MFC.  CORP. 

123  PEQUOT  ROAD, 

SOUTHPORT,  CONNECTICUT 
WIRE  CLOTH 
DIPPING  BASKETS 
LEKTROMESH 
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At  Your  Service 

to  help  you  with  your 

SHEET  METAL 

FABRICATION  REQUIREMENTS 

SHEET  METAL  PRODUCTS— smc/t  as: 
IPsISTRUMENT  PANELS,  RADIO  COMMUNI¬ 
CATION  CASES  and  ENCLOSURES,  OSCILLA¬ 
TOR  BOXES,  CHASSIS  and  CABINET  ASSEM¬ 
BLIES,  RACKS  and  SPARE  PARTS  BOXES, 
WATERPROOF  CABINETS  and  BOXES,  METAL 
STAMPINGS,  FORMING  and  WELDING  of 
FERROUS  and  NON-FERROUS  METALS. 

We  specialize  in  RADAR  and  RADIO  COMMUNI¬ 
CATION  METAL  PRODUCTS.  “Whistler  and 
Wiedermann  Setups”  used  for  economic  and  speedy 
production. 

We  can  assure  you  of  excellent  workmanship  and 
prompt  deliveries.  Send  us  your  blueprints  and  specifi¬ 
cations.  We  sFlall  quote  you  immediately. 


Our  additional  facilities  enable  us  to  solicit  your 
inquiries  regarding  SCREW  MACHINE  ITEMS  and 
GENERAL  MACHINE  SHOP  PRODUCTS. 


S.  WALTER  CO. 

PRECISION  SHEET  METAL  PRODUCTS 
144-146  CENTRE  STREET  BROOKLYN  31,  N.  Y 

Telephone,  MAin  4*7395 


Smoll  screws  for 
electronic  devices 


Tiny  hex-socket  Cap  Screws  and  Set 
Screws  steeled  to  stand  amazingly  tight 
set-ups.  Cap  Screws  in  the  numbered 
sizes  from  1  to  10  inclusive;  Set  Screws 
from  No.  2  to  10. 

The  Cap  Screws  are  Allen  "pressur- 
formd"  for  maximum  strength  of  head 
and  socket.  Threads  also  formed  by 
pressure -piocess  to  a  high  Class  3  .fit. 

The  Set  Screws  have  die-cut  threads 
accurate  to  a  high  Class  3  fit,  with  per¬ 
fectly-formed  hex  sockets.  The  screws 
can  be  held  on  either  end  of  the  handy 
hex  keys  and  turned  into  the  tapped 
hole  without  fingering.  Alien  Hand 
Drivers  are  available  to  facilitate  fast 
assembling. 

In  radio  and  television  sets,  radio 
telephones,  radar  equipment,  elec¬ 
tronic  controls,  these  screws  HOLD 
fine  adjustments  and  intricate 
assemblies. 

Order  «/ your  total  Industrial  Distributor 


THE  ALLEN  MFC.  CO., 

HARTFORD  1,  CONN.,  U.  S.  A. 


'HO 
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and  KOPY-PM  elected  as  president ; 
Everett  L.  Dillard  is  vice-presi¬ 
dent,  Frank  A.  Gunther  is.  secre¬ 
tary,  Arthur  Freed  is  treasurer, 
and  J.  N.  Bailey  is  executive  direc¬ 
tor.  The  temporary  address  of  FMA 
is  810  International  Bldg.,  Wash- 
'  ington,  4,  D.  C.  The  new  group 
was  organized  in  Chicago  during, 
the  NAB  convention  after  a  major¬ 
ity  of  the  members  of  its  predeces¬ 
sor,  FMBI,  voted  to  dissolve  that 
organization. 

Latin  American  Television 

In  Mexico,  Cuba,  Puerto  Rico, 
Brazil,  ^and  other  South  American 
countries  hundreds  of  thousands  of 
j  people  are  seeing  themselves  on 
television  screens  for  the  first  time 
as  a  result  of  two  television  shows. 
The  Havana  show  used  Du  Mont 
equipment  and  was  sponsored  by 


I  Wav*9uid«  omd  r*il«ctor  o!  RCA  micro- 


I  wove  radio  roloy  transmlttor.  sot  up  noar 
I  ring  of  Moxico  City's  60.000-Boat  bullring 
I  for  booming  first  tolovisod  bullfights  to  a 
botol  six  milos  away 

Compania  Importadora  de  Lubri- 
cantes,  S.  A.,  which  is  installing  a 
complete  Du  Mont-equipped .  tele- 
1  vision  station  in  that  city.  The 
other  show,  staged  by  RCA,  ap¬ 
peared  first  at  Mexico  City  and  is 
scheduled  to  make  the  rounds  of 
Latin  American  cities.  Both  were 
j  black-and-white  television. 


Unmounted  Cells 


The  shapes  of  Lux- 
troo  photocells  vary 
from  circles  to  squares, 
with  every  in-between 
shape  desired.  Their 
sizes  range  from  very 
small  to  the  largest 
required. 

In  addition  to  the  un¬ 
mounted  cells  shown 
here,  Bradley  also  of¬ 
fers  cells  in  a  variety 
of  standard  mountings, 
including  plug-in  and 
pigtail  types. 

For  direct  conver¬ 
sion  of  light  into  elec¬ 
tric  energy,  specify 
'  Bradley’s  photocells. 
They  are  rugged, 
lightweight  and  true- 
to-rating. 


Illustrated  literature, 
available  on  request, 
shows  more  models  of 
Brodley  photocells,  plus 
a  Kne  of  ct^per  oxide 
and  selenium  rectifiers. 
WrHd  for  'The  Bradley 
Line." 


Production  Figures 

Television  set  manufacturers  pro¬ 
duced  1,844  sets  in  November  to 
double  their  figure  of  827  sets  for 
October  and  completely  outshadow 
September  production  of  19  sets, 
according  to  RMA  reports.  A  pre¬ 
vious  RMA  report  of  3,242  tele- 


BRADLEY 

LABORATORIES,  INC. 


82  Meadow  St.  New  Haven  10,  Conn 
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Cutaway 

Viwaf 

Holipot 


valuable  panel  space  and  assem¬ 
bly  time,  but  you  greatly  increase 
the  convenience,  utility,  simplicity 
and  operating  efficiency  of  your 
electrotfWTImtruments.  Note  these 
outstanding  Helipot  features... 


Beckman  Helipot  both  wide  range 
and  fine  adjustment  are  combined 
in  the  one  unit.  There  is  only  one 
knob  to  operate . . .  one  unit  to  take 
up  panel  space . . .  one  control  to  in-' 
stall  and  wire.  You  not  only  save 


No  matter  what  type  quality 
•lectronie  instrument  you  may  be 
monufacturing  or  preparing  to  man¬ 
ufacture,  be  sure  to  investigate  the 
advantages  you  can  build 
into  your  product  by  using  Beckman 
Hellpots  for  resistance  control.  War- 
perfected  on  such  ultra-precision  elec¬ 
tronic  equipment  as  radar,  flight  con¬ 
trol  Instrutnents,  depth  sounding 
devices,  etc.,  the  Beckman  Helipot 
mokes  possible  entirely  new  stand¬ 
ards  of  accuracy,  convenience  and 
compactness  in  resistance  controls. 

Unlike  conventional  potentiometers 
which  coruist  of  a  single  turn  of  slide  wire, 
the  Helipot  has  many  turns  of  slide  wire 
helically  coiled  into  a  compact  case  that 
occupies  no  more  panel  space  than  a 
conventional  single  -  turn  potentiometer. 
The  slider  contact  is  rotated  by  a  knob 
in  the  usual  manner  and  a  simple  device 
guides  the  slider  contact  as  the  knob  is 
rotated  so  that  the  entire  helical  length 
of  resistance  winding  can  be  contacted. 

Its  advantages  are  many. 

Heretofore  circuits  requiring  precise  con¬ 
trol  coupled  with  wide  range  have  gen¬ 
erally  required  at  least  two  potenti¬ 
ometer  units— one  for  coarse  adjustment 
and  the  other  for  fine  adjustment.  This 
means  two  knobs  to  operate... two  con- 
g  trols  to  waste  panel  space. . .  two  units  to 
complicate  installation  and  wiring.  In  the 


for 

«oIs.  Hehpots  arc 

duced  with  lin«.  •  ■  pro- 

single  turn 


dimeter  and  pand'jpTce*”^'' 

for  interest 

the  HeJinot  hfJ*  *PPi'c»tion5- 

Heiipo,  -  for  S.  "";  ‘li” 


Hellpots  are  Available  in  3  Standard  Sizes 

TYPE  A  —  S  watts,  incorporating  10  helical  turns  and  a  slid*  wir*  length  of  46 Vi",  coil  diam¬ 
eter  1  Vl'',  ■*  available  with  resistance  values  from  25  ohms  to  30,000  ohms. 

TYPE  B  —  10  watts,  with  IS  helical  turns  and  140"  slid*  wire,  coil  diameter  3",  is  ovoilobl* 
with  resistance  values  from  100  ohms  to  100,000  ohms. 

TYPE  C  ~  2  watts,  with  3  helical  turns  and  13’/]"  slide  wire,  coil  diameter  1  Vl",  available 
in  resistances  from  S  ohms  to  10,000  ohms. 

The  Type  B  is  also  available  in  speciol  sizes  of  25  ond  40  helical  turns,  with  resistances 
ranging  from  500  ohms  to  300,000  ohms,  and  containing  more  than  100,000  change  of  resist¬ 
ance  steps. 

Data  in  heading  are  for  the  standard  Type  A  unit. 

SEND  us  YOUR  POTENTIOMETER  PROBLEM  and  our  engineering  staff  will  ba 
glad  to  work  with  you  in  applying  Helipot  advantages  to  increase  the  efficiency, 
accuracy  and  convenience  of  your  quality  eloMransc  instrutnents. 


THE  HELIPOT  CORPORATION,  1011  MISSION  STREET.  SOUTH  PASADENA  2.  CALIFORNIA 
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FABRICATIONS 
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INDUSTRY 


INRESCO 

ESISTOR 
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vision  sets  for  September  was  in 
error,  according  to  KMA,  because 
one  manufacturer  had  listed  3,223 
phonographs  in  the  television 
column  by  mistake. 

Total  for  all  sets  by  RMA  com¬ 
panies  in  November  was  1,496,482, 
of ‘which  a  new  high  of  27,330  had 
f-m  bands.  The  decrease  over 
October  is  due  to  fewer  working 
days. 


Close  tolerance  units  for 
precision  performance 

IN*ltES*CO  rMistor*  or*  MtsioMrcd  to  moot  all  im- 
portent  oioctronic  application  noods.*  Thoy  aro  wiro 
wowncl  for  pormanont,  oxact  rotistanco  valuo  and 
both  inductivo  and  non-inductlvo  typo«  aro  standard. 
Stcmdard  toloroncos  aro  1  and  2%-~<lotor  tolor- 
oncot  on  tpocial  order.  Rigid  quality  control  assures 
a  uniform  standard  of  excellence  and  modem  manu¬ 
facturing  facilities  result  in  low  unit  cost  and  prompt 
delivery.  Manufacturers  of  electrical  and  electronic 
instruments  emd  equipment  should  invostigerte  the 
advantages  of  designating  IN-RES-CO  as -their  ex¬ 
clusive  wiro  wound  resistor  source. 


New  Synchro-Cyclotron 

A  NEW  electron  accelerator  with 
magnet  poles  110  inches  in  diame¬ 
ter  is  in  the  planning  stage  at 
Carnegie  Institute  of  Technology, 
Pittsburgh,  as  a  result  of  a  grant 
of  $300,000  for  this  purpose  by  The 
Buhl  Foundation.  The  machine 
will  be  exceeded  in  size  among 
existing  machines  only  by  the 
giant  184-inch  cyclotron  at  the 
Radiation  Laboratory  of  the  Uni¬ 
versity  of  California.  The  grant 
is  conditioned  upon  at  least  $260,- 
000  being  subscribed  by  others  for 
the  same  purpose. 


TYRES  RN  AND  SN  Tropi-uruf  rMittert — 
RN:  3/4*  long  x  5/8'  dig..  Max.  Rm. 
1/3  A^ohm,  1/3  watt;  SN:  l-S/ld*' 
long  X  5/8*  dio.,  Mox.  Rm.  1  Mogokm, 
1  wott  , 


INSTRUMENT 
RESISTORS  CO. 

1034  COMMERCE  AYE.  UNION.  N.  J. 


1947  Broadcast  En^^ineering 
Conference  is  Cancelled 

Plans  for  holding  the  1947  Broad¬ 
cast  Engineering  Conference,  spon¬ 
sored  annually  by  the  Departments 
of  Electrical  Engineering  at  the 
University  of  Illinois  and  Ohio 
State  University,  have  been  can¬ 
celled  due  to  crowded  conditions 
and  lack  of  sufficient  personnel  at 
both  universities.  The  1947  con¬ 
ference  originally  was  scheduled 
to  be  held  at  the  University  of 
Illinois.  Some  400  persons  attended 
the  sixth  annual  conference  last 
March  18-23  at  Ohio  State. 


Spectroscopic  Research 

The  Spectroscopy  Laboratory  of 
MIT,  devoted  during  the  war  al¬ 
most  entirely  to  work  for  the  Man¬ 
hattan  District,  will  now  operate 
as  an  independent  entity  under 
the  office  of  the  Dean  of  Science  to 
make  its  facilities  more  directly 
available  to  research  workers  in  all 
principal  fields  of  spectroscopy. 
Specific  research  programs  are 


Tina  Mvod  bi  praHnMofy  glamhig  k  dirocHy 
gnggrtigwaf  ta  ofidgwdgg  offoctod  In  Hm  bluo- 
gfMt  ttaga.  Sy.  doslgnlng-ln  tAEI  tbra  fabrko- 
Mang  wbtthw  yowr  gfoduct  it  bittnimont,  nn- 
cMna,  opplionca  or  oqulpngnt  th#  utmost  in 
gndaction  ttroam-linJng  it  otturod.  Furthor,  Hi# 
bdinmnt  advontagot  of  tho  motarial— occwratgly 
onddnod,  ttonpod,  pundiad.  driliad,  millod  or 
•■wad  by  lAR  crofltmgn  addt  a  full  mootura 
of  dapgndabilHy  undor  varying  torvico  condittont. 
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AMPLIFIERS  * 
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planned  in  fields  of  wavelength  and 
intensity  measurements,  ultravio¬ 
let,  visible,  and  infrared  absorption 
spectrophotometry,  and  the  Raman 
and  Zeeman  effects. 


Three-Tube  Sets  for  India 

Production  is  now  under  way  in 
Bombay,  India  on  a  three  -  tube 
pretuned  radio  receiver  that  costs 
about  $45  to  produce  and  is  selling 
for  the  equivalent  of  $28.50.  Costs 
are  expected  to  drop  to  $19.50  as 
output  goes  up,  however.  Estimated 
demand  is  1,000,000  sets  even  un¬ 
der  present  conditions. 

Of  the  approximately  40  compo¬ 
nents  employed,  only  tubes,  loud¬ 
speaker,  and  volume  control  are 
imported.  Tubes  come  from  the 
United  States  and  cost  35<  each,  as 
contrasted  to  a  quotation  of  72<  by 
Philips  of  Eindhoven.  The  cabinet 
is  solid  teak. 

Fixed-price  merchandising  is  in 
effect,  with  a  ten-percent  gross 
margin  for  the  distributor.  If 
dealers  prove  cool  to  the  proposi¬ 
tion,  the  manufacturer.  National 
Radio  &  Engineering  Co.,  Ltd., 
plans  to  set  up  retail  merchandising 
facilities.  The  cheapest  imported 
set  in  India  now  costs  about  $75 
and  does  not  always  meet  domestic 
requirements. 


Just  off  the  press— 48  exciting  pages  of  radio  parts,  equipment,  and 
supplies  for  dealers,  servicemen,  amateurs,  maintenance,  testing, 
building  and  experimenting— Thousands  of  items  NOW  IN  STOCK 
and  ready  for  IMMEDIATE  SHIPMENT?  Big  feamre  sections  of 
Radio  Sets,  Communication  Receivers,  Amplifiers,  Ham  Gear, 

'  Record  Players  and  Portables,  Record  Changers  and  complete  Sound 
Systems.  Page  after  page  of  bargains  and  special  values  in  top- 
quality  standard-make  radio  and  electronic  parts. 

Mail  Coupon  NOW  for  FREE  COPY 

Mail  coupon  below  TODAY  for  your  FREE  COPY  of  this  latest 
Concord  Buying  Guide  and  Bargain  Catalog  of  Radio  and  Elec¬ 
tronic  needs  you  can  order  for  SAME  DAY  SHIPMENT  from 


British  Television 

After  seven  years  of  picture-free 
ether  over  Britain,  the  BBC  has 
picked  up  television  where  it  left 
off  in  1939,  using  405-line  defini¬ 
tion.  BBC  has  promised  manufac¬ 
turers  that  there  will  be  no  techni¬ 
cal  improvements  in  the  next  three 
years  that  might  make  present  re^ 
ceivers  obsolete. 


MEETINGS  TO  COME 

Jan.  27-31;  Electrical  Engineer¬ 
ing  Exposition  held  concurrently 
with  AIEE  winter  convention;  71st 
Regiment  Armory,  New  York  City. 

Ft:B.  13-14;  Institute  of  Naviga¬ 
tion;  Elastern  Regional  Meeting; 
Hotel  Pennsylvania;  technical  pa- 
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Mtabinson  ^^PRECISIOIV**  Tnmtahies 

JVotr  Avaiiahte 


for  Delicate  SoMering  Tasks 

VULCAN  / 
Pygmy  /M^ 


ELECTRIC 

SOLDERING 

TOOLS 


Finds  its  way  in  whsre  thsrs 
is  Uttls  clsarance  or  crompod 


STANOAtO  Vi  INCH 
Also  AvsHieii  S/14  task 


Pardcnlarly  osolul  for  motors, 
oloctrical  instrumonts.  small 
radios  and  similar  ortidos. 


VULCAN  ELECTRI6  COMPANY 

pAMVeHS.  10,  MASS. 

of  o  wMo  vorfcify  of  llsoHos  lltsissti  for  ostooibly  isto  moss- 
r's  ows  o^odocH  ood  of  Hootiso  S|Mckilitios  thof  om  ot— trIcHy. 


FOR  MOBILE  UNITS 

High-tomporod  stool  Antonnos  and 
specially  designed  mountings  that  will 
moot  ovory  nood  for  mobile  installations 
in  police,  tiro  and  other  municipal  and 
governmental  services.  Get  the  new 
Premax  Antenna  Catalog  from  your 
radio  jobber. 


if  No  “Wow”  or 
vibration 
whether  it’s 
Brahms,  boo¬ 
gie  or  voice. 

if  “Right  angle^' 
belt  drive  and 
patented  ^^seis* 
mic”  sub  base 
motor  mount¬ 
ing. 

if  Instant,  fool¬ 
proof  le  V  e  r 
shift  from  78 
to  R.P.M. 

if  New  microm- 
•  eter  speed  ad¬ 
justment  and 
patented 
planetary  ball 
bearing  trans¬ 
mission. 


Console  $90  Chassis  $295 

Dupl  ex  Console  $150 


THE  ENGINEERING  CO. 

DANIEL  KONDAKJIAN 

77  WRIGHT  STw  NIWARK,  N.  J. 


■RADIO 

ANTENNA 


r’  o  m  a  x 


Frodud".. 


OlvItloN  Cklshotm-RydT  Co., 

4711  Highland  Ave.  Niagara  Palls,  N.  Y. 
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All  the  materials  which  go 
into  the  making  of  a  coil  may 
be  available  but  more,  much 
more  is  required. 

There  must  be  specialized 
machines  and,  above  all,  the 
"know-how"  which  comes 
only  through  engineering 
skill  and  years  of  experience. 

The  integrity  of  your  sup¬ 
plier  is  your  real  assurance 
of  dependability. 

Our  knowledge  and  modern 
facilities  are  always 
at  your  service. 


COTO-COIL  CO..  INC 


COIL  SPiCIALlSTS  SINCE  If! 7 


NEWS  OP  THE  INDUSTRY  (continu.d) 


BUSINESS  NEWS 


Inductive  Equipment  Corp.  has 
moved  into  its  new  building  in 
Gettysburg,  Pa.  having  60,000 
square  feet  of  space  for  manufac¬ 
turing  magnet  wire,  coils,  trans- 


New  plant  ol  InductiTe  Equipment  Corp. 

formers,  rectifiers,  and  various 
types  of  high-frequency  equipment. 

Rockbestos  Products  Corp.,  New 
Haven,  Conn.,  recently  added  11,- 
000  square  feet  to  its  facilities  for 
manufacture- of  permanently  insu¬ 
lated  wires,-  cables,  and  cords. 

Illinois  Condenser  .  Co.,  Inc.  is 
in  full  operation  now  at  its  modern 
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pers;  Paul  Rosenberg,  chairman, 
Woolworth  Bldg.,  New  York  7. 

Feb.  20-22;  Optical  Society  of 
America;  Winter  Meeting;  Hotel 
Pennsylvania. 

March  3-6;  IRE  Winter  Meeting; 
Hotel  Commodore,  N'ew  York  City, 
with  Radio  Engineering  Show  at 
Grand  Central  Palace. 

March  22-27 ;  Western  Metal 
Congress  and  Exposition;  Oak¬ 
land  Civic  Auditorium,  Oakland, 
California. 


March  31-April  2;  Midwest 
Power  Conference;  Palmer 
House,  Chicago;  sponsored, by  Illi¬ 
nois  Institute  of  Technology  and 
directed  by  Prof.  S.  E.  Winston. 

May  13-16;  1947  Conference  and  ; 
Show;  Radio  Parts  and  Electronic 
Equipment  Shows,  Inc.,  Chicago, 
Illinois. 


Carbonneau  Industries,  Grand 
Rapids,  Michigan,  plans  full-scale 
production  soon  on  a  complete  line 
of  loudspeakers. 


fhafs  vihaf 
makes  a  Coif! 


^  1^-Weat^ 


^<YPB 

“XTSh*—  I  1 

1 

’HITX"  ' 

:::k^  -  ■"*• 

itvmm 


•  Noiteiets  in  operation 

•  Strong  and  durable 

•  Good  performance  in  all 

climates' 


STANDARD  RANGE 
1000  ohms  to  10  megohms 
•  NOISE  TESTED  '• 

At  slight  additional  cost,  rMlstors  in  iIm 
Standard  Rang*  aro  suppliod  with  ooch 
rosistor  noiio  tottad  to  tho  following  stond* 
ordi  "For  tho  comploto  audio  froguoncy 
rongo,  rosistor  shall  havo  loss  noiso  than 
corrosponds  to  o  chongo  of  rOsislonco  of 
1  port  in  1,000,000." 

HIGH  VALUES 

15  to  1,000/000  megohms 


HM  S&WNnt  MNIAl  MFO.  CO 


INDUSTRIAL 


DIVISIOIt 


OIOT.  R.  10  VAST  00th  ST..  NSW  TOOK  10.  M. 


Ctifi  AA4A  ymdtuMU 


UICTR0N\CS 


•■ywboro,  you'll 
sovo  timo  by  phoning 
or  wiring  Nowork 
Eloctrie.  Tromondous, 
up>to4hoHninuto  stocks 
oro  maintoinod  in  oil 
throo  storos. 


m 


IP  YOUR  NEIDS  in  rodio  or 
olocfronies  ports,  sots  or 
•  quipmont  oro  ovoiloblo 


it  LIttraturo  and  full  information 
on  ANY  manufacturar's  products 
will  ba  sant  promptly  on  ra- 
quart.  Wira  or  phona  for  quick 
action. 

it  Our  big  bargain  countars  ara 
loadad  with  naw  parts  and  un> 
usual  spacial  aquipmant.  In¬ 
quiring  minds  anjoy  thasa 
displays. 


COMPETENT  TECHNICAL  MEN 
hondio  your  inquiriat  intolligontly 
and  promptly  and  con  quota  pricas 
and  ‘dalivary  datas  on  spacific  mar- 
chondisa.  Ordars  shippad  soma  day. 
Wban  writing  oddrass  Dapt.  R.5 

MAIL  ORDERS  FILLED  FROM  EITHER 
NEW  YORK  OR  CHICAGO. 


,ipB 


ft'/  t 

,  1^.^’  >.  1 

% 


foWowinS’- 

. 

Piatt*  t*n° 


P  A  Oepts.  in 
all  stores.  Set 
i  AppI  Oepts 
m  N  1.  C 


name-'  — 


No  Spreading 
Ourselves  Out 
Too  Thin! 


Cortaialy,  wo  ceold  oi* 
poRd  ear  faeilitioo  oad 
effor  yoM  a  nero  ceai- 
plot*  liao.  lot,  Hwa,  wo 
cealda't  do  at  woll  oa  do* 
llvorlot  at  wa'ra  row  do- 
lag! 

So  to  torvo  yea  bott,  wo 
oro  eeatiaalag  ear  prat- 
oat  RtaiiaiaRi  predaetioa 
OR  a  liaiitad  Mao— that 
attariag  yea  the  ataal 
preaipt  oad  oMcloat  Kea- 
yea  tarvlce. 


TU£  M4HK  OF, 


^CXCElLSNCt 


KENYON 

TRANSFORMER  CO.,  Inc. 

840  BARRY  ST.,  NEW  YORK,  N.  Y. 


DISCS 


and 


RECORDING 
EQUIPMENT 

ALLIED  Discs  are  iarored  by  noted 
broadcasters  and  other  users,  for  their 
high  fidelity.  Test  them  on  your  work. 
Ona  of  the  first  companies  to  make 
instantaneous  recording  equipmont. 
ALLIED  offers  you  the  benefits  of  its 
seasoned  skill. 

Write  tor  our  New  DeMcriptire  Bulletin. 

dLUEb 

RECORDING  PRODUCTS  CO. 

21-09  43d  Ava.,  LONG  ISLAND  CITY  I.  N.  Y. 
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The  Brush  Development  Company 


3405  Perkins  Avenue  •  Cleveland  14,  Ohio 


new  air-conditioned  single-story 
plant  located  at  1616  N.  Throop  | 
St.  in  Chicago. 


Emerson  Radio  and  Phonograph 
CORP.,  New  York  City,  will  operate 
Jefferson-Travis  Inc.  as  a  wholly 
owned  subsidiary,  utilizing  Emer¬ 
son  distributing  facilities  for  J-T 
marine  "radio  equipment. 

Stayer  Mfg.  Co.,  Jackson  Heights, 
New  York,  was  formed  recently  by 
Edward  F.  Staver,  formerly  with 
Fred  Goat  Co.,  Inc.  The  new  firm 
will  manufacture  electron  tube 
parts,  wire  forms,  clips,  caps, 
shields,  and  light  metal  stampings. 


Electronic  Apparatus,  Inc.,  New 
York.  N.  Y.  has  acquired  a  control¬ 
ling  interest  in  Tuck  Electronic 
Corp.,  Jersey  City,  N.  J.,  engaged 
in  design,  development,  and  manu¬ 
facture  of  specialized  industrial 
and  testing  electronic  apparatus. 


Press  Wireless  Mfg.  Corp.  an¬ 
nounces  that  its  engineering  divi¬ 
sion  is  being  moved  from  Long  Is¬ 
land  City  to  Hicksville,  Long  Island, 
N.  Y.  to  expedite  production. 

Capitol  Radio  Engineering  Insti¬ 
tute,  Washington,  D.  C.,  has  had 


Next  spring  General  Radio's  plant  will 
appear  like  this.  New  addition  hat  steps 
on  roof 


more  manufacturing  space  and 
bring  the  total  up  to  140,000  square 
feet. 


Other  Brush  developments  in  magnetic  recording  com¬ 
ponents  include  Brush  Plate^^Wir®  and  vastly  improved 
Tape  and  Wire  Recording  HeaBs  and  Cartridges. 

Write  today  for  further  information 


General  Radio  Co.,  Cambridge, 
Mass,  has  started  work  on  a  new 
four-story  addition  to  -its  main 
plant,  to  secure  30,000  square  feet 


No  mofteFlwhat  type  ol  magnetic  recorder  you  design,  the 
low  cost,  esPBigllent  fidelity  and  uniformity  of  Brush  Paper 
Tape  make  it  your  best  all-round  recording  medium.  With 
this  new  development  by  and  leader  in  the 

field  of  magnetic  recording  youc^4|[jbjJng  magnetic 
recording  to  the  great  mass  market  of  all  A^lirica!  Brush 
Paper  Tape  will  be  furnished  you  either  in  bulk\n  varying 
widths  or  1225  ft.  14-inch  wide  on  a  malal 


Look  at j^modvanfages  of 
Bmh  Papor  Tape , 


•  Easy  to  handle  .  ^  _ 

•  Extreme  low-cost 

e  Can  be  edited... spliced 

•  Greater  dynamic  range 
e  Minimum  wear  on  heads 


e  ExlMItaiil  high  fre- 
^^^^u^n^^r^^oduction  ' 

e  Perx^f^nt . . .  eiCllOljl^nl 
reprodhiction  for  sevfial 
thousand  play-backs 


Brush  Low-Cost  Paper  Tape 
Means  Magnetic  Recording  for  Everyone! 


buib^ 


<ui<i 

pAR'f^ 


?aOSrT'Sf;rRANC.S 


GOAT  PRECISE-FORMED 
DEEP-DRAWN  METAL  PARTS 
tZuaUC^  ctt  ^douftn  094tf 

Deep  drawing,  sizing  and  coining,  in  conjunction  with 
quality  control  techniques  devised  by  the  Goat  Company,  make 
possible  the  economical  production  of  small  parts  to  tolerances 
unattainable  a  few  years  ago.  The  new  method  makes  ex> 
pensive  annealing  operations  unnecessory.  The  use  of  these 
economically  produced,  precision  ports  reduces  both  material 
costs  and  assembly  costs. 


Seed  es  year  design  priefs  for 
eegieeerleg  receei«eedafiees 


A4drMS  Dept.  IL 


^  GOAT  METAL  STAMPINGS, 

Division  of  The  Fred  Goat  Co.,  IncT 
314  DEAN  STREET  BROOKLYN  ,N.  Y. 


OUR  STORY 


is  best  told  ie  person. 
We'll  be  glad  to  tell 
it  at  your  convenience. 


New  ie  eer  234  yeer 

Electronics  Monnfocterers' 
Representetives  end  Field  lepleeen 

143  Newbery  St..  Boste*  IS.  Mast. 


NEW  SOLDERING  GUN 


Service  and  mainienance  men 
can  save  lime  by  ihe  fast  heat 
ing  of  the  Soldering  Gun.  By  use 
of  the  new  induction  principle,  S  second 
soldering  heal  is  supplied  from  a  light  weight 
built-in  transformer. 

The  loop  type  tip  gives  you  other  advantages  that  are  im- 
ponant  in  soldering.  G<^  balance  with  weight  close  to 
your  hand  makes  it  easier  to  use.  The  narrow  tip  gets  in 
between  a  lot  of  wiring  with  ease.  Connections  can  be 
made  without  burning  insulation.  The  tip  can  be  formed 
readily  to  work  in  tight  places. 

See  your  radio  parts  distributor  for  a  demoosiraiioo,  or 
write  direct  for  descriptive  bulletin. 

•k  100  Walts  115  Volta  60  Cyclos 
A  lofcrmittcnt  Oporalion  With  Trigger  Switch 
A  Can't  Overheat  or  Burn  Out 
A  Impact  Resisting  Case 
k  Handle  Stays  Cool 
"k  Good  Balance— Weight 'Close  To  Hand 
BOA  Packer  Street 


WELLER  MFG.  CO.  •  Easton,  Pa. 


Export  Dept.— B6  Wairen  Stmet,  Hew  Tork  7,  K.  T. 

In  Canade — ^AUaa  Kadlo  Corp.,  Ltd.,  560  King  Street  V.  W.,  Toronto,  Ont. 


She  12"xB"x5" 

A  Combination  AC — Multimeter  and  DC 
Multimeter 

Range  et  Meoaeremeett 

DC  I  microampere  to  t  Ampere. 

20  Microvolts  to  1000  volts. 

AC  (thermocouple  type) 

2  Milliampere  to  3  Amperes. 

60  Millivoitt  to  1000  volts. 

Writ*  for  ballot  In 
WE  ALSO  suknr 
REGULAR  DC  METERS 
THERMOCOUPLE  AC  METERS 
MULTIMETERS 
FLUXMETERS 

ELECTROSTATIC  VOLTMETERS 

Specia/  apparatus  built  to  ardor 

RAWSON  ELECTRICAL 
INSTRUMENT  COMPANY 

111  POTTER  ST.  CAMRRIDGE,  MASS 
Representatives 

CHICAGO  LOS  ANGELES  NEW  YORK  CITY 
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both  its  correspondence  and  resi* 
dence  courses  in  radio  engineering 
accredited  by  the  Engineers’  Coun¬ 
cil  for  Professional  Development. 


KM  PC,  North  Hollywood,  Califor¬ 
nia,  has  enlarged  its  transmitter 


S.S.WHITt 

TUDOBLE 


Artist's  skstch  ol  snlorgsd  KMPC  trons- 
mitisr  building.  Dirsctionol  onMnna  artery 
at  Isft  will  giTs  egulTalsnt  of  200-kw 
sstrics  to  groator  Los  Angolos 


1.  REMOTE  CONTROL  — Whsrs  squip. 

msnt  contsint  vsrisbU  slsmsnts  whioh  must  b«  rsgulstsd 
from  remots  points,  S.S.Whits  flsxibU  shafts  of  tho 
ramots  control  typa,  satisfy  avary  naad  for  aasy  in¬ 
stallation,  and  smooth,  sansitiva,  dapandabla  oparation 
ovar  distancas  up  to  50  faat  or  mora. 


building  to  incorporate  a  new  RCA 
50-F  60-kw  transmitter  scheduled 
to  go  on  the  air  in  January  1947; 

Radiomarine  Corporation  of  Am¬ 
erica  installed  a  modern  marine 
loran  receiver  aboard  the  S.  S. 
America  while  the  ship  was  being 
reconditioned  for  peacetime  service. 

WOR,  New  York  City,  has  in¬ 
stalled  an  SCR-268  radar  antenna 
on  the  roof  of  the  building  housing 
its  f-m  station  WBAM,  for  experi¬ 
mental  f-m  transmissions  to  Wash¬ 
ington,  D.  C.  on  47.1  and  106.5  me 
in  cooperation  with  the  Federal 
Communications  Commission.  An¬ 
other  version  of  this  same  antenna 
was  used  in  the  moon  radar 
experiments. 

Fairchild  Camera  &.  Instrument 
CoRP.,  Jamaica,  N.  Y.  has  purchased 
a  plant  in  Burlington,  Vermont  for 
its  new  wholly-owned  subsidiary 
company  to  be  known  as  Fairchild 
Industries,  Inc. 

Hoffman  Radio  Corp.,  Los  An¬ 
geles,  Calif,  has  established  in  what 
was  once  a  car  repair  barn  in  Los 
Angeles  its  cabinet  factory,  involv¬ 
ing  some  76,000  sq  ft  of  floor  space. 


2.  POWER  DRIVE  — What*  aquiptnJ^  io- 

cludas  insfrumantt  or  ofhar  machanhmt  raquirtag  rotary 
powar  driva,  S.S.Whita  flax'ibla  shafts  of  tha  powar  driva 
typa,  maat  avary  naad  for  ^sitiva,  raliabla  trouh||^fraa 
oparation  batwaan  practically  any  two  {points,  ragMnltqH 
of  curvas,  obstaclas  or  distanca. 


3.  COUPLING^  — ^Tha  usa  of  short 

langths  of  S.S.Whita  flaxibla  shafting  insida 
aquipmant  as  couplings  batwaan  variabla  ala- 
mants  and  thair  control  dials,  givas  complata 
fraadom  in  placing  both  tho  alamants  and  tha 
dials  for  spaca  saving,  aasy  assambly  and 
wiring,  and  convaniont  oparation  and  servicing. 


It  givas  assantial  facts  and  anginaaring  data  about  S.S.Whita  flaxibla 
shafts  and  thair  application. 


PERSONNEL 

Leonard  Hole  has  been  named 
assistant  director  of  television  for 
CBS,  and  will, assume  many  admin¬ 
istrative  responsibilities  in  the 
operation  of  Columbia’s  television 
sUtion  WCBS-TV  in  New  York 
City.  During  the  war  he  flew 
combat  missions  over  France  and 


S.S.WHITE 
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Germany  using  aircraft  and  bombs 
remotely  controlled  by  radio,  radar, 
and  television. 

Ernest  Frederik  Werner  Alex- 
ANDERSON  was  awarded  the  Valde- 
mar  Poulsen  Gold  Medal  by  the 
Royal  Danish  Academy  of  Science 
for  his  work  in  the  fields  of  radio 
and  television.  Dr.  Alexanderson, 
consulting  engineer  with  General 
Elcetric  Co,,  holds  over  300  patents 
including  that  of  the  high-fre¬ 
quency  alternator. 

Frederick  R.  Lack,  vice-president 
of  Western  Electric  Co.,  will  be 
president  of  the  American  Stand¬ 
ards  Association  for  1946. 

A.  E.  Bachmann,  civilian  special¬ 
ist  in  underwater  sound,  submarine 
countermeasures,  and  mine  war¬ 
fare  devices  during  the  war,  has 
been  transferred  from  engineering 
to  sales  at  Collins  Radio  Co.,  and 
will  be  in  charge  of  their  special 
products  such  as  railroad  radio  en¬ 
tertainment  systems,  industrial 
control  devices,  and  Autotune  ap¬ 
plications. 


BE  SURE  TO 

SPECIFY 


Qurrent 

Qony/ersion 

”■'*  ATR 

Quality  iProducts 


PHOSPHOR 

BRONZE 

WIRES 


•  Oparotvs  tiM  Equipmant  ■!  MnU 
imiwi  EfficlaiKy  at  All  TIaiat. 

•  Rally  Aatamatic  mn4  Raal-Praaf. 


LOW  POWER  INVERTERS 

rOK  INVERTING  D.C  TO  A.C 
Anathar  Naw  ATR  Modal . . .  dailgaad 
for  ORoratlaR  aniall  A.C  aiatora,  aloe 
trk  raxara,  aad  a  host  of  atlior  mnatl 
A.C.  davlca*  from  D.C.  aalfaqat 
tourcas. 


A.  E.  Bachmann  H.  W.  Parkar 

Henry  W.  Parker  becomes  techni¬ 
cal  adviser  for  Sylvania  Electric 
Products  Inc.  This  new  post  was 
created  to  stimulate  review  of  new 
developments  of  interest  to  the 
central  engineering  laboratories,  as 
well  as  propose  new  projects  for 
research  and  development. 

Amos  H.  Carey  has  been  appointed 
director  of  manufacturing  for  John 
Meek  Industries,  Plymouth,  Indi¬ 
ana.  He  was  formerly  in  charge 
of  manufaq^uring  for  RCA  in 
Camden. 

Walter  Evans,  vice-president  in 
charge  of  all  radio  activities  for 
Westinghouse  Electric  Corp.,  re¬ 
ceived  the  Certificate  of  Apprecia¬ 
tion  from  the  War  Department  for 
“his  contribution  to  the  Signal 


The  production  of  "Elephant  Brand’* 
Phosphor  Bronze  Wire  has  been  com- 
plHoly  comtroUtd  hy  ms  from  ingot  to 
finidied  size,  since  1874.  it  is  a  true 
bronze  svhe,  containing  nothing  but  vir- 
((in  copper,  tin,  and  pbosidiorus.  The 
introduaion  of  pbos^orus  into  this 
composition  reduces  the  oxides  and,  with 
the  purihed  metals,  forms  a  most 
bomo^eneous  and  uniform  aUoy.  These 
essential  factors  are  established  sciesstific 
facts,  and  have  proven  the  superiorly  of 
''Elf.^hant  Brand"  Phosphor  Bronze  Wire. 

This  udre  contains  no  zinc — which 
eliminates  the  danger  of  season-crackins, 
thus  has  the_  highest  fatigue  limit.  It  is 
made  in  various  tempers  to  meet  specific 
requirements.  "Elephant  Brand’’  Wire 
is  drawn  accurately  to  size,  is  absolutely 
utsiform  throughout  the  coil,  and  will  ssot 
season — crack,  regardless  of  the  time  ^at 
it  is  carried  in  stock.  All  wire  can  be 
supplied  bright>annealed.  Available  in 
the  following  forms: 

ROUND  WIRE,  la  Mils  far  sprlai  maniifae- 


FLAT  WIRE.  In  Milt  er  Isniths 
TINNED  BINDING,  far  armatw-a  wark 
STRAIGHTENED  (RaanS)  In  laniths 


THI  mOSPHOR  RRONZI  SMiL-nNG  CO. 
2200  WmhiagfM  Av«..  PkilsMelpliia  4fi.  Pa. 

Original  Manufacturers  of  Phosphor  Bronze 
in  U.  S.  A.  .  .  .  Kstablished  1874 
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millDiWP 


S3.00 


ALNICO  MAGNETS 

SARE  AGAIN  AVAILABLE 
% « %  X  y4 
SMALL  HORSESHOES 


S'f.OO 


BLAN 


iMp0rlm^at»r»  aad  lavaiifort  Sapplia* 

64  Dey  St..  N«w  York  7.  N.  Y. 


ond 

Compos'* 


Hare  is  the  2  pole  open  blade  snop-action 
ACRO  switch  that  mony  alert  electrical 
engineers  have  been  looking  for.  Buih  with  the  well  known  patented 
Rolling  Spring  that  assures  positive  action.  Made  in  both  sirsgle  and 
double  throw  contacts.  Standard  operoting  pressures  from  3  to  5  oz 
Rating:  15  Amps,  125  Volts  A.C. 

Movement  differential: — opproximotely  Ms'  Terminals  os  illustrated 
or  at  rear  of  switch  Variations  in  operating  characteristics  ore  possible 
as  well  os  a  3  pole  design  if  needed  to  suit  your  opplicotion.  Write 
for  print,  giving  us  your  engineering  detods  fd^i^uick  oction.  . 

ACRO  ELE.CTRIC  COMPANY 

1316  SUPERIOR  AVENUE  •  CLEVELAND  14,  OHIO 


STEATITE 

CERAMIC 


Properties  and  Cbaracteristics  of  Oer 
LAVITE  S1-S  Steatite  Ceramic  Redy 

Strenyth  . M.OOO  lbs.  por  inch 

TMstlo  fttrofibth  .  7.300  lbs.  por  square  inch 

Ytexural  Strongth  . lO.SOO  tbs.  per  square  inch 

WMulus  of  Mupturf . 20.000  lbs.  per  square  inch 

Otelectric  Strength  . ^..231  volts  per  mil 

Oteleciric  CensUnt  . 0.42  |  ^ 

Foww  Factor  .  4.49  )  *  mrgaeycl. 

•u<k  •naciOc  aravity . 2.ee4aa 

bensity  (from  above  gravity).  .  .0.000  lbs.  per  cubic  inch 

NsrOness  (Mohr  scale)  . T.O 

Wftentng  Temperature  . 2.300  0. 

^•***ar  Cssmcient  e#  Sxpansion . 0.13x10— 

Msttlure  Abserptien  (ASTM  D-110-42-A) . 0.000«e 

Design  engineers  and  manufacturers  in  the  radio, 
rlearical  and  electronic  fields  are  finding  in 
LAVITE  the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and  dielearic 
strength,  low  moisture  absorption  and  resistance 
to  rot,  funses,  acids,  and  high  heat.  The  exceed¬ 
ingly  low  l^.faaor  of  LAVITE  plus  iu  excel¬ 
lent  workability  makes  it  ideal  for  all  high  fre¬ 
quency  applications. 

Vc  will  gladly  supply  samples  for  testing. 


D.  M.  STEWARD  MFC.  COMPANY 

Mo»n  Office  A  Wo/ifl  C^offonoogo  Tenn 
Needh  orn  Moss  CKicogo  los  Angeles 


Large  or  Small 

PAPER  TUBES 


Inside  Parimatars  from  .592*  to  19' 

With  spccitlized  experience  and  automatic 
equipment,  PARAMOUNT  produces  a 
wide  range  of  spiral  wound  paper  tubes 
to  meet  every  need  . . .  from  Yi  to  30'  long, 
from  .592*  to  19'  inside  perimeter,  includ¬ 
ing  many  odd  sizes  of  square  and  rectan¬ 
gular  tubes.  Used  by  leading  manufacturers. 
Hi-Dielectric,  Hi-Strengtb.  Kraft,  Fish 
Paper.  Red  Rope,  or  any  combination, 
wound  on  automatic  machines.  Tolerances 
plus  or  minus  .002*.  Made  to  your  specifi¬ 
cations  or  engineered  for  YOU. 


PAPER  TUBE  CORPt 


616  LAFAYETTE  ST.,  FORT  WAYNE  2,  IND. 

Manufacturers  oj  Paper  Tubing  for  the  Electrical  Industry 
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Look  to  ILLINOIS  for 


NEWS  OF  THE  INDUSTRY  (continuadl 


Corps  in  connection  with  the  de¬ 
velopment  and  production*  of  radio 
and  radar  equipment  during  World 
War  II”. 


Charles  R.  Denny  was  named  by 
President  Truman  on  Dec.  4  to  be 
chairman  of  the  Federal  Communi¬ 
cations  Commission.  H^had  been 


fifcmoiync 


mpacitors 


of  finest  quality! 


delay 


RELAY 


ILLINOIS  CONDENSER  CO. 

1616  NORTH  THROOP  STREET  •  CHICAGO  22,  ILL. 


At  linnoit'  it*w  plant  thn  accant  It,  at  always,  on  hightt  quality 
Sluctrolytic  CapacHon,  "Not  how  many,  but  how  good"  has 
boon  tha  fixad  company  policy  ovor  tha  yaart  and  hat  baan 
diractly  ratpontibla  for  our  staady  growth.  A  modal  of 
afficiancy,  our  now  plant  faaturas  tha  vary  latast  in  aquip- 
mant,  nawast  production  tachniquas  and  air  conditioning. 
Thata  factors  combined  with  tha  bast  basic  matariak,  closer, 
more  rigid  control  and  a  skilled  anginaring  staff  show 
clearly  why  Illinois  it  batter  geared  than  aver  to  produce 
tha  finest  in  condensers. 

Your  copy  of  our  lotos#  catalog  ft 
roody  for  you.  Wrtfa  for  If  today 
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acting  chairman  since  Paul  A. 
Porter  left  to  become  head  of  OP  A. 


PmiU  DllAYS  RANGING 


R.  C.  Cosgrove,  general  manager, 
Crosley  Division,  The  Aviation 
Corp.,  received  the  War  Depart- 
!  ment's  Certificate  of  Appreciation 
for  “outstanding  contributions  to 
the  war  effort  by  directing  the 
design,  development,  and  produc¬ 
tion  of  Signal  Corps  radio  sets  and 
radar  devices”. 


C.  R.  Drany.  new  FCC  heod 


John  R.  Gaston  is  president  and 
chief  engineer  of  Inductive  Equip¬ 
ment  Corp.,  Gettysburg,  Pa.  He 
was  formerly  manager  of  the 
transformer  division  of  Federal 
Telephone  and  Radio  Corp. 

W.  R.  G.  Baker,  vice-president  in 
charge  of  electronics  department  of 
General  Electric  Co.,  was  presented 
with  the  Certificate  of  Appreciation 
by  the  War  Department  for  his 
“outstandingx  contribution  to  the 
war  effort  by  the  development,  de¬ 
sign,  and  production  of  complex 
Signal  Corps  radio  and  radar 
equipment”. 


Louis  Gerard  Pacent,  president  of 
Pacent  Engineering  Corp.,  received 
the  War  Department’s  Certificate 
of  Appreciation  for  “developing 
and  adopting  manufacturing  tech¬ 
niques  which  involved  mass  produc¬ 
tion  of  communication  equipment”. 


I  Lauriston  S.  Taylor,  chief  of  the 
X-IUiy  Section,  National  Bureau  of 
I  Standards,  was  awarded  the  Medal 


FROM  I  TO  120  SECONDS 


X  EATURES: — Compenaated  for  conbiunt  tumpeioture  changes  from 
— 40*  to  110*  F  . . .  Hermetically  sealed;  not  affected  by  altitude,  moisture 
or  other  climate  changes  .  . .  Explosion-proof  .  .  .  Octal  radio  base  .  .  . 
Compact,  light,  rugged,  inexpensive  .  .  .  Circuits  available:  SPST  Nor¬ 
mally  Open:  SPST  NormaDy  Closed. 

PROBLDd?  Send  for  "Speciai  Problam  Sheet"  and  fiulletin. 


Mtpoun  REGULATORS 


V;  M.TA  ;e  f  -v  ' '.v;?;:  amperite 

BATTERY  6  HAHGER  [  VOLTA  ;E  VARIES 
VARIES  AI-PROX  ,  ,NLY 


50%  :  2% 


Aii^>etfte  REGULATORS  are  the  simplest  Rghtest  cheapest  emd  most  compact  method 
of  obtaining  current  or  voltage  regulation  .  .  .  For- currents  of  .060  to  8.0  Ampu  .  .  . 

Hermetioolly  ueoled;  not  affected  by  altitude,  ambient  temperature,  humidity. 
Write  for  4-page  /ffustrated  Bulletin. 


f'\MPERnC  CO.,  561  Broadway,  New  York  12  ,N.Y. 

In  Canada:  Atlas  Radic  Corp.,  Ltd.,  560  King  St .  W  Toronto 


F.W  STEWART  MFC.  CliRR 


ELECTRIC  &  MFC,  CO„  Inc. 


34-«8  seth  8T.  WOODSIDE.  L.  I..  Y 


WRITE  FOR 
lULLETIN 


lOOOl  ERWIN  AVENUE 
DETROIT'  5.'  MICHIGAN 


SPST  ROTARY  SNAP  SWITCH 


FLEXIBLE  SHAFTS 

that  carry  power 
around  any  corner 
have  many  new  uses 
in  peace-time  develop¬ 
ments.  Faithful,  de¬ 
pendable  power  drives 
or  remote  control  in 
airplanes,  automobiles, 
radio,  and  many  other 
commercial  products. 

Shafts  made  to  your 
specifications.  Our  en¬ 
gineering  department 
will  work  out  your 
particular  power  prob¬ 
lem  without  obliga¬ 
tion. 

ITn'/#  today  for 
Manual  D 


431M3  RAVENSWOOD 
CHICAGO  13,  ILL. 


AVE 


WEST  COAST  BRANCH: 

431  Venice  Blvd.;  Lot  Anjelet  IS,  Cal. 


3  A— 125  V..  I  A— 250  V.  Catalog  No.  100 

•/g"  IPS  X  5/16"’  Shank,  Single  Hole  Mounting 
6”  Leads,  One  Knurled  Nut 


Listed  by 

Underwriters’  Laboratories,  Inc.- 


Specializing  in  the  production  of  highest 
quality  Alnico  Magnets  in  all  grades 
including  new  triple  strength  No.  5. 

Production  material  checked  to  assure 
highest  uniform  quality  of  product. 

•  r  4  » 

Castings  made  to  customer's  special 
order  on  the' basis  of  sketches  or  blue 
prints  furnished. 

information  and  suggestions  furnished 
on  request. 


MANOraCTUtlRS  or  HION  COIRCIVI  MAONiTK  AUOTI 


40-500  MC  GEN. 

Limited  Qvaiitity  Avoiiobie 

am  CORPS  TTPB  T8-47/APB  hi-fna  8U  a«n 
mfgd.  bf  FatrciilUL  Banie  40  to  500  MC  (In  1 
raniea).  Ufg.  ipoco— 1%  nocuncr  nt  08  F.  SUwr 
plated  butterOp  oecUl.  tank  drenlt.  Bxtremely 
rugged.  500  epa  pulie  or  1000  epa  alne  ware  AM 
mod.  from  telf  eontalned  Heialng  mod.  Output  up 
to  3  mllwatta  40  to  400  me,  up  to  1  mllwatt  400  to 
500  me.  Self  contained  rert.  radiator  or  51  ohm 
oo-az.  caUe  term.  Contalna  power  aup.  designed 
115-130  vac  50-1400  epe  or  ext.  bat.  BF  output 
variable.  ExoaUant  for  pre-flight  efaeck  of  VHF  re¬ 
ceivers  and  hl-freq  work  demanding  aoeurac;  and 
versatUltT  In  above  fieq  range.  Brand  new  and 
ooinplete  with  tubes  In  carrrlng  case.  Dim.  IIM* 
H  X  W  X  014*  D.  yOVR  COST  $16&.00 

fIeld  IVliKE 

SIG.  CORPS  T-21B 

e  2  Tsb*  r«s*eespl«d 
Amp. 

•  Cosdsaser  MIh* 

•  R«Mot«  Ceatrel  Relay 
e  Raqgad  Cosstrsctlea 

-FIELD  ABTILLEBY  microphone 
SIg.  Corps  type  T-llB  designed  to 
be  arranged  In  the  fleld  In  com¬ 
puted  geometric  pattern  for  the 
purpose  of  determining  range  and 
intensity  and  direction  of  gunfire. 
Internal  1  stage  res.  coupled  amp 
uses  1  type  "30”  and  1  type  "31" 
tubes.  Contained  relay  controls 
filament  circuit  from  remote  point 
on  applying  "B”  volt.  Condenser  mike  head  de¬ 
signed  to  respond  at  detonation  freqs.  IDEAL 
for  use  with  geophysical  sonde,  explosion  warning,' 
well  "sounding"  and  mine  safety  equip.  Housed 
In  rugged  brass  cylinder.  Dim.  T*  dl^  X  lOH'  H. 
Diagram  supplied.  All  units  brand  new  (less  tubes) 
In  sealed  cartons.  YOCR  COST  $8.3.50 


20%  KomIHaaoo  iwlonea  C.  O.  0. 

All  PrlcM  FOB  N.r.C. 

KELVIN  ELECTRONICS 

74  CertloNdt  St..  New  York  7.  N.  Y. 
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CAFITOl  RMIO  ENEMEEMNt  INSTITIITE 


^Wfe*r*  Prot»uh»al  RodloNi**  Study 


— PTMt  WiraiMt  Phat* 


CREI  Heme  Stedy  Training  Wili  Keep  Yon 
Ahead  of  Compefifion  —  Keep  Others 
from  Ry-Pasting  Yon  to  letter  Jobs — 
ly  Keeping  Yen  in  Pace  with  the  indns- 
try 

Ne\'er  was  there  such  an  opportunity  as  exists 
today  in  Radio  Communications.  Thousands  of 
hinhly  trained  expest  technicians  and  engineers 
wili  be  required. 

You  can  pick  your  FUTURE.  You  can  enjoy 
a  permanent,  profitable  and  lasting  career. 

CREl’s  home  study  training  mou'  wili  prepare 
you  for  these  important  career  jobs.  Easy-tp- 
read-and-understand  lessons  are  provided  and 
each  student  has  the  benefit  of  individual  guidance 
and  careful  supervision  from  a  trained  instructor. 
This  is  real-honest-te-goodness  practical  Mgineer- 
ing  training  that  will  prepare  you  for  a  good  job  i 
in  many  interesting  fields  of  Communications.  i 

Act  now !  See  for  yourself  how  easily  you  can 
fit  yourself  into  one  of  these  secure,  good  paying 
jobs  in  tomorrow's  Communications.  Mail  your 
coupon  today. 

VETERANS!  CREI  IS  APPROVED  FOR 
"G.  I."  TRAINING! 

CAPITOL  RADIO  ENGINEERING  INSTITUTE 

Am  AcermMmd  Tecfinicaf  lm$HMm 
Dept.  E-2,  16th  and  Park  Road  N.  W. 
Washington  10,  D.  C. 

MAIL  COUPON 
FOR  COMPLHE 
FREE  DETAILS 

And  Outline 
of  Course 

j  E-J  I 

•  Capitol  Radio  Enginaaring  Institute  ; 

Uth  and  Park  Road  N.W.,  Washington  10,  D.C.  ! 

;  lientlemen:  I’lease  send  me  oomplete  details  de-  ; 

;  scTlbinft  CREI  home  study  courses.  I  am  attarhina  a  ■ 

•  brief  resume  of  my  experience,  education  and  ! 

I  present  position.  ; 

:  i 

■  Xsine  . 

i 

;  Street  .  ; 

i 

•  City  . .  Zone....  State .  ! 

i 

;  □  I  am  entitled  to  training  under  the  G.  I.  Bill.  ; 

•  - - - - - - — - - .....1 

Member  of  National  Home  Study  Council— National 

Council  at  Technical  Sehaali — and  Television 
Broadcasters  Association 


of  Freedom  for  his  part  in  develop¬ 
ing  improved  methods  for  bombing, 
and  the  Bronze  Star  Medal  for  his 
work  under  combat  conditions  in 
Europe. 

Fred  L.  Mohler,  chief  of  the 
Atomic  Physics  Section  of  the 
National  Bureau  of  Standards,  was 
awarded  the  Medal  of  Freedom  for 
working  out  a  comprehensive 
analysis  of  bombing  accuracy  while 
a  member  of  the  Ninth  Bomber 
Command  in  Continental  Europe. 

Bruce  R.  Lafferty  has  been  ap-^ 
pointed  general  service  manager  by 
the  Hallicrafters  Co.  of  Chicago. 
His  18  years  of  radio  experience 
includes  work  with  the  group  in¬ 
stalling  the  first  experimental  CAA 
i  instrument  landing  systems  for 
airports. 


B.  R.  Lafferty  E.  F.  Hembrooka 


Emil  F.  Hembrooke,  director  of  I 
equipment  and  engineering  for  ! 
Muzak  Corp.  since  1945,  has  been  | 

1  elected  a  vice-president  of  the  firm. 

Eugene  Mittelmann  has  resigned  | 
his  position  as  director  of  elec-  ; 
tronic  research  and  development  at  | 
i  Illinois  Tool  Works  to  set  up  his 
own  research  and  electronic  de¬ 
velopment  organization  in  Chicago,  i 

j  William  J.  Halligan,  president  of 
I  The  Hallicrafters  Co.,  was  pre-  j 
sented  with  the  War  Department’s 
Certificate  of  Appreciation  for 
i  “outstanding  contributions  to  the 
war  effort  in  the  engineering  and 
production  of  complex  radio  equip¬ 
ment  for  the  Armed  Forces  during 
World  War  II’’. 

j 

'  Frank  M.  Folsom,  executive  vice- 
I  president  of  RCA  in  charge  of  the 
RCA  Victor  Division,  received  the 
War  Department's  Certificate  of 
Appreciation  for  outstanding  con¬ 
tributions  to  the  U.  S.  Army  Signal 
Corps  program  during  the  war. 


//  (  os/S  lot/  I^PSS 
To  Pay  a 


Tittle  More  For 

SIILCOCKS^MILLER 


PLASTIC  PARTS 


When  you  require  plastic 
parts  fabricated  to  close  tol¬ 
erances,  you  con  always  de¬ 
pend  on  Silcocks-Miller. 

This  organization  pioneered 
in  the  precision  fabrication 
of  parts  from  plastic  sheets, 
tubes  and  rods.  Out  of  this 
long  experience,  Sillcocks- 
Miller  engineers  offer  you 
the  understanding,  skill  and 
facilities  to  produce  plastic 
ports  to  your  exact  require¬ 
ments  or  to  help  you  work 
out  suitable  designs. 

This  know-how  saves  you 
time,  trouble  and  money. 
That's  why  "it  costs  you  less 
to  pay  a  little  more  for 
Sillcocks-Miller  quality." 


— II 


Writ*  ter 

Illustrated  breekuru 


THE  SILLCOCKS-MILLER  CO. 


10  WtsI  Pirkir  Anmn,  lltpltmmmi,  R.  L 
Mtillii  MOrtss :  $Mrtb  0raa|«,  I.  L 


h,.h 


266 


February,  1947  —  ELECTRONICS 


ELECTRICAL  &  ELECTRONIC 

"  EQUIPMENT 

ELECTRONIC  TUBE  EQUIPMENT 


24  HEAD 
RADIO  TUK 
IXHAUSTINO 
MACHINE 


W«  Mak* 

Complat# 
Equipmant 
For  Tho 
Manufacturo 

Of  Incandai- 

cant  t^mps, 
Radio  and  Elac- 
I  tronic  Tubas. 


I 

1  ■ 


TRANSFORMERS  OF  ALL  TYPES 

IIOHTINO 
FURNACES 

f5Wer 

phZSb 

CHANOINO 
distrIbOtion 
ETC. 

Air.  on, 
or  Wotor 
Coolod 


Sixot  >/4  To  2S0  KVA 

SPOT  WELDERS! 

OF  ALL  TYFES 
FOR  AU  PURPOSES 
SIZES  V*  TO  2S0  KVA 
BbH  Waldars  •  Oao  WaMora 
Are  Waldars 
Naoo  SIqo  UoHs 
Hooraseaiit  Tab# 
MoBafacfariaq  Eqalpaiaat 


CHAS.  EISLER 


EISLER  ENGINEERING  CO. 

751  So.  I3tk  St.  (Near  Avan  Ava.),  NtwarS  3.  N.  J. 


THE  GENERAL  ELECTRIC 
VARIABLE  RELUCTANCE  PICKUP 


J^ECORD  enthusiasts  are  critical  cus¬ 
tomers — whether  they  be  devotees  of 
Bach  or  boogie-woogie.  Better  and  better 
reproduction  of  their  favorite  recordings 
is  an  insistent  demand  that  must  be  met. 

The  General  Electric  Variable  Reluc¬ 
tance  Pickup  can  help  you  to  meet  that 
demand.  It  will  appeallmmediately  to  the 
technical  mind  due  to  its  simplicity  and 
direct  resolution  of  difficulties  often  asso¬ 
ciated  with  phonograph  pickups.  ' 


Check  this  list  of  major  features; 

G  Low  Neodio  Talk 
G  Negligiblo  noodlo  scratch 
G  Low  Distortion 
G  Pormanont  sopphiro  stylus 
G  Minimum  rocord  woor 
G  froquoncy  rosponso 
30- 1 0OOO  cyclos 
G  Not  offoctod  by  odvorse 
climatic  conditions 


For  complete  information  write  to; 

General  Electric  Company,  Electronics  Department,  Syracuse  I,  N.Y, 


GENERAX  mi  ELECTRIC 


ELINCO  TYPE  ALP 

TYPICAL  PERFORMANCE  CURVE 


Type  ALP-191;  110  volt  60  eye.  single-phase 
Capacitor  start  &  run  •  Motor  Capacitor 
Value  4,25  Mfd,  Curve  #235. 

Elincs  ALP  Franc  Motors  arc  3%"  x  4-5/16"  capacitor 
start  and  run,  two  and  four  pole  AC  motors,  internal  fan 
cooled.  Continuous  duty  ratinf — as  induction  motor  to 
1/30  h.p.  at  1700  r.p.m.;  as  synchronous  motor  to  1/60 
h.p.  at  1800  r.p.m.  Substantially  higher  ratings  are  avail¬ 
able  at  speeds  of  3400  and  3600  r.p.m.  respectively. 
Also,  higher  rating  for  intermittent  duty. 

Write  for  Temporary  Bulletin  46- A 

ELECTRIC  INDICATOR  CO. 

STAMFORD,  CONNECTICUT 


LOGARITHMIC  AC  VOLTMETER 
-WIDE  BAND  AMPLIFIER- 


Advanced  De¬ 
sign  gives  you 
a  sensitivity 
and  frequency 
response  never 
before  ob¬ 
tained. 


No  other  Voltmeter  offers  cdl  these  advantages 


•  Range  .0005  to  500  volts  •  Linear  DB  scale 

D  Frequency  5  CPS  to  2.0  MC  D  Input  2  Megohm  15  MMF 

•  Logarithmic  voltage  scale  •  Accuracy  +2% 

•  StobiUty  ±1%  105  to  125  V. 

Ideal  for  Audio.  Supersonics,  Lower  Radio  Frequency  Spectrum. 
Measures  Stage  Gain,  RF  and  IF  Amplifiers  on  Broadcast  Receivers. 

Write  For  Complete  Information 


Instrument  Electronics 

42-1 7A  Douglaston  Parkway  Douglaston,  L.  I.,  N.  Y. 
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what  Makes  A 
Mailing  Click? 


#  Adyrthing  rtfn  agrm 
— th9  list  is  mof*  than  half 
tha  story. 

^  McGraw-Hill  Mailing 
Lkts,  used  by  loading  mar)u- 
facturors  and  industrial  sorv- 
ko  organizations,  dir  act 
your  adyortising  and  solos 
promotional  onorts  to  hoy 
purchasing  powor.  T hoy 
offor  thorough  horizontal 
and  vortical  covorogo  of 
mafor  markots,  including 
now  porsonnol  and  plants. 
Soloctions  may  bo  mado  to 
fit  your  own  spocial  roquiro- 
monts. 

Now  namos  aro  added 
to  ovory  McGraw-Hill  list 
daily.  List  rovisions  aro 
mado  on  a  twonty-four  hour 
basis.  And  all  namos  aro 
guarantood  accurato  within 
two  por  cont. 

In  viow  of  prosont  day 
difftcultios  in  maintaining 
your  own  mailing  lists,  this 
ofheiont  porsonalizod  sorvico 
h  particularly  important  in 
socuring  tho  comprohonsive 
markot  covorogo  you  nood 
or»d  want.  Ask  for  moro 
dotal lod  'information  today. 
You'll  probably  bo  surprised 
at  tho  low  ovor-all  cost  and 
tho  tostod  offoctivonoss  of 
thoso  hand-pichod  solocthra. 


I  McGraw-Hill  Publishing  Co.,  Inc. 

DIRECT  MAIL  DIVISION 

330  WIST  4Jnd  ST. 

NEW  YOIK  II,  N.  Y. 


manufacturers  and 

ICT  /  f  Cflr  #■/ V/w  DISTRIBUTORS 


SUPERHETERODYNE  PERMEABILITY 
_ _  TUNERS  _ 


vnr\*  •  535  tg  I  ECO  KC  Coniilcte 


*  3  Color  Dial  and  Drive 

*  All  units  Pre  Tracked  at  Factor) 


We  also  make  a  Slide  Rule  type  unit  for  Supers 
and  TRF  type  to  replace  a  single  condenser. 


Open  facilities  for  Die  work,  Stamping,  Colls, 
Assembling,  Complete  and  extensive  Engineering 
and  Electrical  laboratories  available.  Send  ns  your 
inquiries  for  quotations. 


AERMOTIVE  EQUIPMENT  CORP. 

U32  CENTRAL  ST.  KANSAS  CITY,  MO. 

NEW  YORK  OEPICE 

H.  IRAVERMAN  *  U1  WASHINGTON  ST..  N.  Y.  6.  N.  Y. 


Qualily  rectifiers, 
made  for  manufac¬ 
turers  of  quality  in- 
^struments  by  one  of 
V,  the  oldest  manufac¬ 
turers  of  dry  disc  rectifiers.  Electrox 
Rectifiers  are  especially  adapted  to 
the  specific  needs  of  individual 
users  -  at  no  premium  in  cost. 

Write  for  Cix.  446. 

Eloctrox  DIvJsloa 

THE  SCHAUER  MACHINE  CO. 

2119  Readiag  Rood  Cinciaeoti  2.  Ohio 


>  METAL  AND 
plastic 

SPECIALTIES 

e  stampings 

e  SCREW 
machine 

PARTS 


MSTRUatWHOUSMCS-PjgBS-CH^ 

E.p.ri.«c.d  fobricolioa  ond  ^^^^^****/^ 
yo«c  drowW.Q«  •^  •*‘***‘*^ 


STAMFORD  METAL  SPECIALTY  CO.,  429  W.  BROADWAY,  N.  Y.12 


PRlHT 


NEW  BOOKS 


mOTIEI 
SPECIAL  cr 
PIOGAESSIVE 


Principles  of  Radar 

By  memhen  of  the  staff  of  the 
Radar  School  of  M.  I.  T.  MeGraw- 
HiU  Book  Co.,  Inc.,  19^6,  Second 
Edition,  approximately  800  pages 
printed  by  offset  from  manuscript, 
$5.00. 

The  first  edition  of  this  book,  the 
first  on  the  subject  generally  avail¬ 
able,  was  undertaken  late  in  1942 
to  serve  as  a  basic  text  for  training 
Army  and  Navy  officers.  The  mate¬ 
rial  was  prepared  by  individual 
members  of  the  teaching  staff.  The 
present  edition  represents  a  re¬ 
working  of  much  of  the  earlier 
material,  the  addition  of  new  mate¬ 
rial,  and  the  elimination  of  much 
text  describing  circuits  which  are 
already  obsolete.* 

As  any  officer  who  took  the 
M.,  I.  T.  radar  course  will  state, 
radar  is  not  a  simple  subject  and 
this  is  not  a  book  which  one  can 
sit  down  and  consume  like  a  twen¬ 
ty-five  cent  whodoneit.  In  fact,  it 
would  require  an  exceptionally  ab¬ 
sorptive  mind  to  master  the  con¬ 
tents  of  the  book  in  six  months.  A 
recital  of  some  of  the  chapter  head¬ 
ings  with  their  approximate  dimen¬ 
sions  will  indicate  what  the  student 
will  learn  if  he  takes  up  radar 
seriously.  The  chapter  on  timing 
circuits  requires  23  sections  and 
about  100  pages;  similarly,  receiv¬ 
ers  take  up  30  sections  and  another 
100  pages.'  Other  hundred-page 
chapters  are  those  on  r-f  lines  and 
antennas;  almost  the  same  space  is 
needed  for  triode  transmitters,  for 
modulators,  wave  guides  and  reso¬ 
nators  and  about  half  this  amount 
for  servos  and  synchros. 

There  is  not  a  radar  picture  in 
this  book.  It  is  straight  theory  and 
design  data  and  not  installation, 
operation  or  maintenance.  It  is 
packed  full  of  quantitative  deter¬ 
minations  using  modern  tubes  and 
components,  plus  all  the  micro¬ 
quantities  involved  in  microwave 
equipment. 

Although  the  subject,  radar,  may 
seem  to  be  vertical,  the  contents  of 
this  book  have  rather  horizontal 
bearing  on  the  new  world  of  micro- 
waves  and  all  those  techniques 
which  employ  pulses,  transients, 
cathode-ray  tubes,  magnetrons  and 
klystrons,  wave  guides,  megacycles 
and  megawatts,  square  and  tri- 


ENlAKOeO  fo* 

wTiSw 

■w3..r^ 

chM>nS 

,18. 


PROCRtSSWB 


INSnUMSMTS 


Precision  Movement  •  Dependability  Unlimited 

AlnicA  Magnets  in  all  DC  Instruments — Phosphor  bronze  control  •  springs — perfectly 
aligned  jewel  supports — noo-shifting  balance  weights — added  to  its  many  other 
superior  construction  features  enables  Burlington  Instruments  to  maintain  critical 
characteristics. 

All  ranges  AC  or  DC  avaUable  in  H",  H",  4^"  sizes,  rectangular  and  round. 
Inquiries  invited  for  your  specific  requirements.  • 

BURLINGTON  INSTRUMENT  COMPANY.;.llH^<r.?w. 
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LESS  IHAN  J%  MSTORTION 

WHh  20  Wafts  of  «0  Cyein 

FREED  60  CYCLE  HLTER 

Typ«  1050 


FIVE  INSTRUMENTS  In  ONE 

1  Constant  Voltag*  Traniformar 

2  Variac 

3  U  Cycia  |.ow  Pats  Filtar 

4  Two  Dacada  Attanuator — ,  1%  Pracision 

5  1%  ISO  Volt  A.C.  Voltmatar 

Indispensable  for  calibration  of  in¬ 
struments,  where  the  form  factor  of  the 
applied  voltage  is  important  (A.C.  in¬ 
struments  and  vacuum  tube  volt¬ 
meters)  and  for  measurements  of  har¬ 
monic  distortion  of  amplifiers,  trans¬ 
formers  and  tubes.  The  instrument  is 
entirely  self  conuined  and  A.C. 
operated. 

Sefui  for  catalogue 
of  Laboratory  Test  Equipment 

FREED  TRANSFORMER  CO..  INC. 

70  Spring  St.,  Naw  York  12,  N.  Y. 


FOB  THE  MOST  EXACTING  APPLICATIONS 


Tired . . . 

of  thumbing  through  files 
and  folders  for  informa¬ 
tion  on  product  sources 
and  product  specifica¬ 
tions? 

Use  the  1946 

electronics 

BUYERS'  GUIDE 

V’ou’II  find  informative, 
catalog-type  copy  of  lead¬ 
ing  manufacturers  of 
electronic  components, 
equipment,  and  allied 
products  in  this  conveni¬ 
ent,  year  ’round  reference 
book. 

anid  don't  forget 

TO  WATCH  FOR  THE 
1947-48  ISSUE  .  .  . 
COMING  JUNE  15th 


QUADRIGA 
WASHERS  ^ 

Meat  requirements  of  the  elec-  ^ 

i _ c-ij _ rtiiAnoiAA  ^ 


Meet  requirements  of  the  elec- 
t  r  o  n  i  c  field  —  QUADRIGA 
WASHERS,  to  your  tpecifice-  w 

tions.  Prompt  delivery  of  any  ^ 
quantity*  Special  flat,  tension 
and  spring,  formed  and  drawn, 
cupped  and  finishing.  Write  i 

for  valuable  catalog. 


ALiSO  SMAU,  METAL  STA.MP1NG8, 
ANT  DESIGN 

THE  QUADRIGA  MFG.  CO. 

221-A  W.  Grand  Ave.,  Chicago  10,  III. 


SMALL  PARTS 

Filaments,  anodes,  supports,  springs, 
etc.  for  electronic  tubes.  Small  wire  and 
flat  metal  formed  {xxrts  to  your  prints 
for  your  assemblies.  Doubles  pointed  pins. 
Wire  straightened  and  cut  diameter  up  to 
Va-inch.  Any  length  up  to  12  feet. 

LUXON  fishing  tackle  accessories. 
Inquiries  will  receive  prompt  attention. 

ART  WraE  Am 
STAMPING  GO. 


227  High  St. 


Newark  2.  N.  J. 
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angular  wave  forms,  followup  83r8- 
tems,  and  many  other  subjects 
which  are  not  even  mentioned  in 
many  prewar  textbooks. 

The  book  is  rather  difficult  to 
read  because  it  is  not  made  by 
letterpress,  and  some  of  the  letter¬ 
ing  on  diagrams  is  small,  The 
subject  matter,  howevef,  which 
one  needs  to  really  understand  the 
new  techniques  and  how  to  use 
them  is  certainly  in  this  book  in 
very  practical  form.  If  the  dimen¬ 
sions  seem  large,  it  is  because  the 
dimensions  of  radar  and  kindred 
subjects  are  large;  if  it  seems  that 
much  time  would  be  required  to 
learn  the  “trade”,  there  is  no  better 
time  to  start;  and  there  is  no 
doubt  that  Principles  of  Radar  is 
a  good  place  for  the  serious  engi¬ 
neer  to  dig  in. — K.  H. 


Impulse  n. 


NO  A,C,  HUM  ...  NO  POWER  CONSUMPTION 

Where  these  two  factors  are  important , . . 

the  impulse  relay  finds  wide  application. 

Essentially  an  electrically  operated  toggle-switch, 
the  impulse  relay  is  energized  only  for  an  instant  when 
switching  is  desired.  With  each  "impulse"  of  power,  con¬ 
tacts  are  shifted  and  held  by  a  pawl-ratchet-cam  mech¬ 
anism.  At  all  other  times  the  coil  consumes  no  power ... 
makes  no  hum. 

For  all  voltages  A.C.  or  D.C.,  and  available  in 
DPST  and  DPOT  combinations  with  contact  ratings  up  to 
10  amps. 

Fuiihf  details  and  from  cofolog  on  raquatt 


German^English 
Science  Dictionary 

By  Louis  DeVries,  Professor  of  Mod¬ 
em  Languages,  Iowa  State  College. 
McGraw-Hill  Book  Co.,  Ine.,  New 
York,  1946,  Second  Edition,  558  pages, 
$4.50. 

Although  prepared  primarily  for 
the  field  of  entomology,  physiology, 
physics,  botany,  chemistry  and 
medicine,  this  handy  volume  will 
prove  useful  to  the  electronic  engi¬ 
neer  who  must  study  German  liter¬ 
ature  on' applications  of  electronics 
in  the  above-mentioned  fields.  In 
this  second  edition  the  list  of  Ger¬ 
man  abbreviations  and  correspond¬ 
ing  English  meanings  has  been 
more  than  doubled  in  length.  Also 
included  in  the  appendix  are  ab¬ 
breviations  of  German  x>€riodicals, 
tables  of  German  units  of  measure, 
and  German  names  of  the  elements 
where  they  differ  from  the  English. 
— J.M. 


ADVANCE  ELECTRIC  &  RELAY  CO. 

1260  W«st  2nd  St.,  Let  Angelet,  Celifornie  •  Phene  MIchigen  9331 


In  addition  it  will  be  found  ex¬ 
tremely  useful: 

9  Fer  Timing  Purpotet 

#  For  Counting  Rapidly  Rocvrring 
Phonomona 

9  Fer  Uto  in  Conjunction  with 
Calculating  Machinot 

For  additional  information,  write: 
General  Electric  Company,  Electronics 
Department,  E-6411,  Syracuse  1,  N.Y. 


'^HIS  unit  offers  the  research 
laboratory  a  quick  and  effective 
means  of  counting  the  number  of 
pulses  from  any  desired  source.  It 
will  prove  invaluable  in  such 
studies  as: 

0  Nuclear  Rotocech 

D  Radioactivity 

%  Matt  Spoctography 


Electronic  Control  Handbook 

By  Ralph  R.  Batcher  and  William 
E.  Moulic.  Caldwell-Clements,  Inc., 
New  York,  N.  Y.,  1946,  344  pages, 
$4.50. 

A  GUIDE  to  the  design,  selection, 
and  operation  of  automatic  process 
control  systems  employing  elec¬ 
tronic  circuits.  The  theory  of  con¬ 
trol  systems  is  taken  up  first  as  re¬ 
gards  antihunting,  process  delays. 


ELECTRIC 


GENERAL 


270 


February.  1947  —  ELECTRONICS 


I 


Five  Standard 
Slug -Tuned 
LS3  Coils  CoVOt* 
to  184  me 

For  strip  amplifier  work,  the 
compact  (IH"  high  when 
moimted)  Coil  is  ideaL 
Also  for  ^ters.  Oscillators, 
Wave-Traps  or  any  purpose 
where  an  a^ustable  induct¬ 
ance  is  desired. 

Five  StewiarJ  Windings  — 

1, 5, 10,90  and  60  megacycle 
coils  cover  inductance 
ranges  between  750  and 
0.065  microhenries. 

CTC  LS3  Coils  are  easy  to 
assemble,  one  hole  is  all 
you  need.  Ea<^  unit  is  du¬ 
rably  varnished  and  sup¬ 
plied  with  required  mount- 
mg  hardware. 

SPICIAL  COILS 

CTC  will  custom-engineer 
and  produce  coils  of  edmost 
any  size  and  style  of  wind¬ 
ing. ..to  the  most  particu¬ 
lar  manufacturer’s  specifi¬ 
cations. 


f'J  yir.  / 

T  /( 

/f/ 

Custom  Engineering  .  .  .  btandordized  Designs 
Gvoranittd  Moteriols  and  Workmanship 
CAMBRIDGE  THERMIONIC  CORPORATION 
437  Concord  Avenue,  Combr*dge  30,  Moss. 


This  sroph  shows  fsoqwoney  tangos 
covorod  by  ooch  unit.  Wrilo  ws  for 
your  fwlf-sizo  copy. 


NEW  BOOKS  (conNnuod) 

speed  of  response,  proportional  po¬ 
sition  control,  throttling  range,  and 
more  complicated  arrangements  up 
to  that  designated  as  proportional 
plus  floating  plus  second  derivative 
controller. 

Available  types  of  transducers 
are  taken  up  in  detail,  with  illus¬ 
trations  of  typical  examples  for 
such  industrial  applications  as  wire 
or  sheet  gaging  and  conversion  of 
movement  into  capacitance.  An  en¬ 
tire  chapter  deals  with  temperature 
conversion  elements.  Other  chap¬ 
ters  deal  with  control  amplifiers, 
contr^  oscillators,  counting  and 
timing  controls,  passive  networks 
such  as  bridge  circuits,  synchros 
and  servo-systems,  solenoids  and 
relays,  saturable  reactors,  and  con¬ 
trol  motors. — J.M. 


Radio  Tube  Vade-Mecum 

By  P.  H.  Brans.  Editions  Techniques 
P.  H.  Brans,  28  rue  du  Prince  Leo¬ 
pold,  Anvers  (Borgerhout)  Belgium, 
1946,  Qth  edition.  Distributed  by  Edi¬ 
tors  and  Engineers,  Ltd.,  1300  Ken¬ 
wood  Road,  Santa  Barbara,  Calif,,  232 
pages,  paper  cover,  $2.50. 

A  NEW  TABLE  giving  complete 
characteristics  of  German  and 
Italian  army  transmitting  tubes, 
magnetrons  and  accelerator  tubes 
has  been  added  to  the  latest  edition 
of  this  world  receiving  tube  man¬ 
ual,  the  5th  edition  of  which  was 
reviewed  in  the  July  1946  issue  of 
Electronics. 

The  6th  edition  for  distribution 
in  this  country  uses  only  English, 
rather  than  the  multilingual  pres¬ 
entation  of  the  5th  edition,  thus 
simplifying  the  task  of  reading 
through  the  preliminary  instructive 
material  in  the  front  of  the  book. 
In  this  edition  is  a  coupon  entitling 
the  reader  to  supplements  free  of 
cost,  to  be  issued  every  three 
months  until  the  1947  edition  ap¬ 
pears.  Because  of  the  revision  of 
material,  the  24  additional  pages 
represent  more  than  the  equivalent 
amount  of  added  information. — 
A.  A.  MCK. 


The  Telephone  systems  of  Paris 
and  Enghein,  France  have  been 
linked  by  9  and  10  cm  f-m  channels, 
with  a  relay  station  at  Montmorency. 
Twelve  calls  can  be  handled  simul¬ 
taneously  each  way. 


The  fti  volume  in  the  long-dwaited 
Massachusetts  Institute  of  Technology 
Radiation  Laboratory  Series 


Bringing  you 

the  engineering  data 
you  need  to  design 

RADAR  SYSTEMS 


Here  is  an  important  book  which  presents  the 
general  principles  of  the  desi^  of  various  radar 
systems.  From  the  standpoint  of  the  designer 
the  book  discusses  the  basic  considerations  which 
underlie  and  are  particular  to  systems  design. 
After  a  general  approach  to  problems  en¬ 
countered,  It  takes  up  the  leading  design  con¬ 
siderations  for  the  important  componrats  that 
make  up  a  radar  set.  Two  new  and  imirartMt 
auxiliary  techniques — moving  target  indication 
and  tte  transmission  of  radar  displays  to  a 
remote  indicator  by  radio  means — are  fully 
treated.  Detailed  examples  of  acttial  systems  are 
included.  Anyone  interested  in  the  varied  appli¬ 
cations  of  radar  will  find  this  new  volume  of 
immense  value  as  a  basic,  useful  reference. 


RADAR 
SYSTEM 
ENGIMEERING 

Edited  by  Louis  N.  Ridenour,  Editor-in-Chief, 
Radiation  Laboratory  Series;  Associate  Profes¬ 
sor  of  Physics,  University  of  Pennsylvania. 
Approximately  900  pages,  6x9,  $7.50. 

This  is  the  first  of  twenty-eight  volumes  pre- 
mred  principally  by  members  of  the  Radiation 
Laboratory  maintained  during  the  war  at  the 
Massachusetts  Institute  of  Technology  under 
contract  with  the  National  Defense  Research 
Committee  of  the  Office  of  Scientific  Research 
and  Development.  The  Laboratory  was  the  fore¬ 
most  U.S.  research  and  development  institution 
in  the  field  of  microwave  radar.  The  accuracy 
and  usefulness  of  the  material  made  available  in 
these  volumes  is  attested  by  their  authoritative 
background. 

Contents 


1.  Istreduetlon 

2.  The  Radar  Eauatlon 

3.  PrapertiM  sf  Radar 
Targets 

4.  Limitatiens  ef  Pulse 
Radar 

5.  C-W  Radar  Systems 
B.  The  Gather!  m  asd 

Preeentatien  ef 

Radar  Data 

7.  The  Empleyment  at 
Radar  Data 
B.  Radar  Beaeans 


$.  Anteanas.  Beannen. 
and  BtaMlizatlon 

10.  Tht  Matnetrtn  and 
the  Pulser 

11.  R-F  Components 

12.  The  Reo^ylnt  8y>- 
tarn— Radar  Rteeiven 

13.  The  Reeeivlnp  Sys¬ 
tem — Indleators 

14.  Prime  Power  Supplies 
tor  Radar 

IB.  Examples  of  Radsr 
System  Deeltn 

15.  Movint-tariat 
Indleatlea 

17.  Radar  Relay 


EXAMINE 
10  DAYS 
FREE 


MeGraw-HIII  Book  Ce..  330  W.  42nd  8t.,  N.Y.  18  I 
Send  me  lf.LT.  Radiation  Laboratory  Series.  • 
Tol.  1 — Radar  System  Bnglneerliig  tor  10  days'  • 
examination  on  approval.  In  10  days  I  srill  send  ! 
$7.50  plus  few  cents  postage  or  return  book  post-  ; 
paid.  (Postage  paid  on  cash  orders.)  • 

Name  . • 

Address .  { 

City  and  State .  S 

Compsuiy .  ■ 

Position  . L-t-47  { 

For  Canadian  price  write  ! 

Embassy  Book  Co..  12  Richmond  St.  E..  Toronto  1  ■ 
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Professional  Services 

Consulting  —  Patents  —  Design  —  Development  —  Measurements 


Radio,  Audio,  Industrial  Electronic  Applications 


H.  RUSSELL  BROWNELL 

Consulting  Engineer 
Sp«clallxtiig  In  MNSurnmnnts  A  iMting 
IniMimnntt'ft  TnchnIquM  -  Elnctrlcnl  -  EInc- 
tronic  •  Mngnntic. 

IN  Wn*t  4th  St.  N«w  York  14.  N.  Y. 

•  OiolM*  2-42M 


ELM  LABORATORIES 

ELECTROMC.MECHANICAI. 

BEMEARCH  &  DESIGN 
eutmted  BLM  Dnelttmenit  inciiidr 
I'KKQHAMK  AHtoftuitic  Radio  IVoKram  Toner. 
Kemonit  "Gerty”  Uireclion  Kinder  boop.  8eal«l 
Xtal  Holder.  Home  Reielver  Deeigne. 

JO  Mouth  Kroadway  Hobtui  Kerry.  New  York 

Phone  Dobbii  Kerry  4058 


JOSEPH  RAZEK,  Ph.D. 

Consulting  Physicist 

Kiectrie  and  Mechanical  fiiclneetlnii  Problems 
Instrumenu  and  Control  Derloes  ElectroniCH 
Mpeciali-its  in  Colermetry,  SpectroiliMNoinetiy  and 
Industrial  Color  Ooatitd 
Laboratory  and  Shop  Facilltiee 
202  Darby  Read  Liaaarab.  Pa. 

Phone  HlUtop  MIO 


EDWARD  J.  CONTENT 

Acoustical  Consultant 

and 

Audio  Systems  Englneerlnc.  FU.  Standard  Broad¬ 
cast  and  Telerlrion  Studio  Dsalgn. 

Roxhuiy  Road  Stamford  8-745* 

Stamford.  Conn. 


DONALDSON  ELECTRONICS 
LABORATORY 

Iteseorek  and  DtvHtpwtetU 
Shoran  Radio  Surrey  Consultant 
Custom  Built  ‘Sooopes  -  Trick  Clteuitii 
Microsecond  Sweeps  -  Microware  Systems 
Industrial  Applications 

P.O.  Box  1488  San  Antonio.  Texas 


STANLEY  D.  EILENBEROER 

Consulting  Engineer 
INPUSTBIAL  QLECTRONICS 
DoMirn— DerelopiaeinP— ModelH 
CtMnplHe  LAboratoiT  and  Shop  Facilities 
S3W-1S— 27th  Ay«. 

Kenoaha.  Wla.  Telephone  2-4213 


ELECTRONEERS 

Electronic  Consultants 

Industrial  -  Communication.^  -  Medical 
Write  or  phone  for  preliminary  survey  without 
charte.  -• 

48*  Klfth  Are.  New  York  IT,  N.  Y. 

Murray  RUl  1-1482 


\/’OUR  card  here  build*  prestige  for 
^  you  and  helps  to  make  your  name 
familiar  in  the  field.  The  cost  is 
extremely  small  in  proportion  to  its 
value  as  a  business  aid. 


PAUL  E.  GERST  &  CO. 

CONSULTING  ENGINCTII 
Nperlaliata  In 

Electrical  Frtidiiet  l>e->lKi> 

Kl.  Machinery,  Apparatus  A  Applicatiuii> 
ka.  Appliances,  Hi-Kre<iuencle«  Apparatus 
Rlectronlcs.  Radio  t'oraniunlcatlofis 
805  W.  Wacker  Dr.  Chioaxo  8.  111. 


C.  M.  HATHAWAY 

Consulting  Engineer 
Rettearch  and  Development 
Prodnct  DeeiirnN 
Tool  A  Methods,  Eiiklneerina 
Pilot  Manufacturina 

I3IS  S.  Clarkson  St.,  Danvar  10,  Colorado 


INDUSTRIAL  DEVELOPMENT 
ENGINEERING  ASSOCIATES 

Engineering  Consultants 
Electronic  Control,  Motion  Picture  A 
Noond  Equipment 
Development — Dettlan — Models 
0074  Colleae  Ave.  IndlanapoIlN  A,  Ind. 


RICHARD  C.  KLEINBERGER 

Licensed  Professional  Engineer 


Electronic  Heutina  .\pplicatt«iiH 


20  Cnshman  Read. 


White  Plaint,  N.  Y. 


ARTHUR  J.  SANIAL 

Consulting  Engineer 


IsMidspeakera  and  AUled  Dericm 


188-14  SS  Ave. 


Fluahlng.  N.  Y. 


TECHLIT’ CONSULTANTS.  INC 

Technical  literature  and  art.  ^teciallsU  in  eter- 
tronlca.  Instruction  manuals,  sales  brochures, 
cataloguee.  isiMnetrloi.  perspective,  phato-retoimh- 
ins,  scheoiaticN.  wiring  diagrams.  Expert  work  at 
low  cost.  We  have  never  mlseed  a  deadline. 


140  Nassau  Street 


Naw  Yerfc  7,  N.'V. 


RAXMpND  M.  WILMOHE  \^C.' . 

\  Complete  Enaineerina  Service 
.  for  the 

Application  of  Electronica  to  Induatiy 
Consultation  Deoian  Construction 


388  We«  SS  Htreet 
.New  York  19.  N.  Y. 


1713  Ralorama  Road  N.  W 
Washington,  5.  D.-<‘i 


ALBERT  PREISMAN 

Consulting  Engineer 
Television,  pulse  Technitaues.  Video 
Ainpllflers,  l*haslng  Networks. 

Industrial  Applications 
Anilated  with 

MANAGEMENT-TRAINING  ASSOCIATES 

3308-14fh  .Mt..  N.W.  ,  Washington  1«,  l>.  C, 


YARDENY  ENGINEERING  CO. 

Kemote  Controls  (Wires  and  Wireless  i 
Automatic  Devices 

Klectronic  •  Electrical  •  Mechanical 
Consultation  •  DeaUning  •  Manufactiuinx 
Lktimslng 

105  Chambers  Street  New  Y'ork.  Y . 

Worth  8-SSS4,  3536 


PAUL  D.  zonu 

Consulting  Engineer  * 
INDUSTRIAL  ELECTRONICS 
High  Frequency  Dielectric  and  Induction  Heating 
.Vppllcatlons.  Equipment  Selection,  Equipment  and 
istmponent  Design,  Development.  Models. 

272  Centre  8t.  Nawten,'  Mass. 

BIQ-9840 


THE 


REAL 


VALUE 


of  placing  your  unusual  problem  in  the  hands  of 
a  competent  consultant  eliminates  the  elements 
of  chance  and  uncertainty  from  the  problem  and 
provides  real  facts  upon  which  to  base  decisions. 
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BAKELITE  SHEETS 
RODS  AND  TUBES 


Backtalk 


Im Screw  Terminals 

for  a  RUGGED  Rheostat 


This  department  is  oper* 
ated  as  an  open  forum 
where  our  readws  may 
discuss  problems  of  the 
electrmiics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 


The  sturdy  screw  terminals  are 
integral  with  the  massive  ce* 
ramie  winding  core— a  great  core 
that  gives  25%  more  capacity. 
These  solid  screw  studs  cannot  be 
deformed  nor  ripped  loose. 

And  this  is  only  one -of  several 
exclusive  features  of  this  line  of 
rheostats,  ranging  from  50  to  500 
watt  capacity. 

Our  10  watt  and  25  watt  rheo¬ 
stats  also,  and  many  different 
types  of  Hardwick-Hindle  resist¬ 
ors,  offer  other  exclusive  advan¬ 
tages. 

Write  us  today.  Our  engineers 
are  at  your  service. 


Loran  for  Aircraft 

Dear  Sir: 

As  an  operational  navigator  of 
some  eighteen  years  experience  in 
both  marine  and  air  navigation,  I 
am  deeply  concerned  as  to  a  state¬ 
ment  made  in  your  lead  article  in 
the  September  1946  issue  of  Elec¬ 
tronics. 

In  referring  to  the  CAA  omni¬ 
directional  beacon,  which  your  au¬ 
thor  admits  is  two  years  away  com¬ 
mercially,  and  for  which  only  a 
small  portion  of  the  $300,000  the 
CAA  has  allocated  for  radio  and 
radar  research  it  is  presumed  will 
be  available,  your  author  makes  the 
following  statement:  “omnidirec¬ 
tional  ranges,  are  said  to  be  super¬ 
ior  to  loran  for  use  on  long  over¬ 
water  courses,  and  over  large  land 
areas,  such  as  jungles  and  deserts 
where  locations  of  numerous  ranges 
on  the  ground  is  impossible.” 

I  would  appreciate  knowing 
“Who”  said,  the  beacon  was  an  im¬ 
provement  over  loran,  and  upon 
what  actual  service  or  demonstra¬ 
tion  this  statement  was  made.  Con¬ 
sider  that  some  $300,000,000  have 
been  invested  in  loran,  and  that 
these  stations  are  now  operating  on 
the  air  and  are  not  two  years  away 
commercially  .  .  . 

In  January,  1946,  at  NAS  Floyd 
Bennett  Field,  New  York,  I  put  my 
research  plane  and  loran  navigator 
through  ...  a  flight  demonstration 
of  loran,  that  if  anything,  proved 
it  was  more  practical  and  more 
accurate  for  air  traffic  control,  air 
traffic  holding  patterns,  and  in  con¬ 
junction  with  GCA  or  radar  instru¬ 
ment  let-downs  than  any  system  yet 
devised  by  the  CAA. 

Considering  the  fact  that  none  of 
the  present  loran  stations  were 
sited  for  air-navigation,  or  air- 
traffic  control,  and  that  NAAS, 
Charlestown,  Rhode  Island,  is  not  in 
ideal  loran  coverage,  the  New  York 


A  HARDWICK,  HINDLE,  INC. 

^  RHEOSTATS  and  RESISTORS 

Subsidiary  of  THE  NATiONAL  LOCK  WASHER  COMPANY 
NEWARK  S,  N.  J.  •HAIUIHB.  1t«  -  „  *  ^ 


On  special  mill  ship¬ 
ments  we  can  give 
prompt  delivery.  Also 
complete  fabrication 
service  backed  by  over 
20  years  of  experi¬ 
ence. 


ELECTRICAL 
IMSULATIOH  CO.,  INC 

12  Vestry  S«..  New  York  13.  N. ' 
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HNE  RIMONS 
OP 

TUNGSTEN  oad  MOLYEDENUM 

Qaalitr  and  aceuracT  in  oar  fabriea- 
tloB  oi  Tuagotoa  4  MolTbdmum  Ub- 
boaa  hoTo  charaetoriMd  our  sorrico 
!•  ih*  Doetronic  industry. 

4  dovotofMMsf  •# 

H.  CROSS  Co. 

It  BMkaias  St.  NMrYsrii7.N.Y. 


Tbs  tamsm  “Ssssdsx”  Wire  Stripssr  esaisitts 
with  7  istsrehastsabla  MaSn  Isr  itrippinf  any 
tiM  arire  treat  Na.  •  ta  Ns.  30  will  ba  tbs  handisat 
tsal  in  tbs  abap.  Stripa  800  ta  1000  wires  par 
hasr  etrta  wirsa  tsa.  Jaat  prsaa  tbs  handls  and 
tbs  Jab  is  dsns.  Far  aas  with  solid  ar  atrandsd 
wirsa. 

WRITE  DEPT.  E  FOR  FULL  PARTICULARS 

GENERAL  CEMENT  mhp.  co. 

ROCKFORD,  ILLINOIS,  U.  S.  A. 


WE  maRufacture  a  complete  line  of  equipment 

SPOT  WELDSBSa  electric  from  H  to  60  KVA  An  Ai»n 

TRANSFOBMKB8.  apeclAl  and  ituideiti  types 
INCANDESCENT  LAMP  eLiulpmeDt  WELDEBS 

FLUORESCENT  TUBE  MAKING  EQUIPMENT  from  100  to 
ELECTRONIC  EQUIPMENT,  mcuum  pumpe.  etc.  400  Ampe 
WET  GLASS  8IJCING  ADd  cutting  machines  for  leboratory  use 
GENERAL  GLASS  worJring  madiines  and  burners 
COLLEGE  GLASS  working  unite  for  studMits  and  laboratorv 
O  an.  EISLER  ENGINEERING  CO. 

731  So.  13th  St.  (near  Avon  Ave.)  _  Newark.  New  Jersey 


ELECTRON  TUBE 
MACHINERY  * 
OF  ALL  TYPES 
STANDARD 
AND  SPECIAL 
DESIGN 


RADIO  BOOKS 

BY  MAIL 


SAME>OAY  $H#MeNT  ON  907.  Of  All  MAIt  OftOeiS. 
%opkt  of  noedy  oN  rodh  pvblisWn.  If  you  don't  know  pnco, 
bond  dopobit  wo’i  biMp  CO.O. 

..  iDtrots  md  emineers,  m. 

im  Kanwatd  Raad  •  taata  laiban.  CaManda 


MICROMETER 

FREQUENCY 
METER  ^ ‘ 


Chsakinp  ; 
Tranaailttsrs  ' 


lETER  '»®  •<«  <•  »7*  Me. 

within  8.01  par  cant 

LAMPKIN  LABORATORIES 

IroddotM,  Fta.  U.  S.  A. 


TELEVISION  POWER  UNITS 

Small,  compact,  dasignwd  by  •xparts. 

5.000  V.  D.C,— 10,000  V.  D.C. 

Ready  to  nieawl^-4"  x  S"  x  S” 

For  monu/acturers  and  amateurs 

WILLARD  TELEVISION  CORF. 

U3V  No.  CaUfemia  Chica«e  47,  III. 


PH  Ur.RftPH  yjy 

I  ItaWdAwb  % '  1 


3po';i  .^ro<5’Jot ion  Of  ;ivuility 
?,  F,  Ceils  smi  Jub-issonblies 
For  Diseri-iiaatlng  ^ianufact 


ct’jrars  | 

INSTRUMENT 

L^SppO’rCt'  LABORATORY, INC. 

IIFC  SnrV  Otreot,  Cincinnati  14,  Ohio 


This 

CONTACTS 

Section 

supplements  other  advertising  in 
this  issue  with  these  additional  an¬ 
nouncements  of  products  essential 
to  efficient  and  'economical  produc¬ 
tion  and  maintenance.  Make  a  habit 
of  checking  this  page,  each  issue. 

Classified  Advertising  Division 

ELECTRONICS 
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•MUS  umoewcH  co  .>k  an  ppoaswat.iltj 


TELEVISION  POWER  COILS 

■uilt  for  high  voltages 
5,000—10.000—30,000  V.  0,  C.  werUeo 
FOR  MANUFACTURERS  and 
AMATEURS 
MONROE  COIL  CO. 

I60«  Ne.  Callfarnla  Ava.  Chioapo  47.  IllinpU 


£][  INDUSTRY 

^1  COMES  TO 

^  SUN  RADIO 
FOR  ELECTRONIC 
EQUIPMENT 


Wo  spocktlho  in  Bqmp- 
mont  and  Jdothoeh  for  tko 
Manufactyro  of 
RADIO  TUMS 
CATHODE  RAT  TURKS 
FLUORESCENT  LAMPS 
INCANDESCENT  LAMPS 
NEON  TURES 
PHOTO  CRLLS 
X-RAT  TURKS 
G^SS  PRODUCTS 

On  PrJjuNfin  or  Laboratory  Bath 

aeaaaaaeaaaaa^aaeaaaaaaeeaaaaaaaaaa 

KoMe  ENGINEERING  CO. 

1300  SEVENTH  STREET 
NORTH  BiaOEN.  N.  J..  U.  S.  A. 


PRINIED  TAPE 

—  for  "Ports”  Martcmg  — 

TOPniGHT  TOOL  CO. 

Ntthor  RIRn..  Vofbu  Fa. 
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SUN  RADIO 

&  ELECTRONICS  CO.,  Inc. 

i.JI 
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REX  RHEOSTAT  COMPINY,  BALDWIN.  l.l..h.Y. 


PROTECTED  A  UNFROTKCTEO 

RHEOSTATS 

WITH  LURRICATID  CONTACTS 

ROTARY  DRIVE  RHEOSTATS 

WITHOUT  RACK  LASH 
PROTECTED  A  UNPROTECTED 

ADJUSTABLE  RESISTORS 

UP  TO  1000  WATT 
PRONPT  SHIPMENTS 


model  Lh 

WITH  5AH  driver- 


model  MM  2TC — 
Submergence  gnd  explo¬ 
sion  proof,  moy  be  cieoned 
with  live  iteom  —  for  ship, 
railroad  or  mine. 


Find  Out  Now  About 

★  star  ★ 

CERAMICS 


•ACKTAU  (cMitlira*dJ 

demonstration  of  loran  was  re¬ 
markable. 

When  one  cmisiders  that  radio 
ranges  of  any  kind,  assuming  vhf 
range  of  seventy  miles,  will  neces¬ 
sitate  the  700-knot  navigator  to 
tune  in  ten  or  more  per  hour,  and 
perform  a  flight  pattern  across  the 
radio  range  jungle,  tram-continen¬ 
tal,  that  looks  like  a  spider’s  web. 
Doubt6  the  speed  into  supersonic 
range,  and  I  am  sure  your  radio 
ranges,  omnidirectional  or  other¬ 
wise,  can  only  be  tagged  'Tiorse  and 
buggy  aids”.  Perhaps  they  may 
have  some  use  when  the  CAA  at¬ 
tempts  to  alow  the  airplane  of  the 
future  down  at  its  terminal  for  a 
landing  aid. 

W.  J.  Catlett,  Jr., 

Commander.  V.  8.  tiav^ 
Technical  Develo^ent 
Committee  for  Air 
Heioport,  Rhode  leland 
Editorti  .Sole :  Thr  opinion  exprenoed  in 
the  article  does  not  reprei*ent  the  con- 
(duered  opinion  of  Blectronica  editors  but 
Is  H  HtMtement  of  opinion  held  in  some 
Oorernment  circles.  The  Editors,  in  fact, 
heartily  asree  with  Commander  Catlett.  He 
expresses  his  opinions  as  an  Individual  and 
they  do  not  reflect  the  policy  or  opinion  of 
either  the  Navy  Department  or  the  Insti 
tiite  of  Navigation. 


tnginmmrmd  for 

officloney  and  qualify 


Th«  convanion  efficiency  of  UNIVER¬ 
SITY  loudapeekera  over  the  uaeful 
q>eech  frequency  range  ia  35  to  50 
percent!  Parallel  to  this  auperior  sen- 
aitivity,  ia  neturalneaa  of  tone  and  a 
niggedneaa  which  pertnits  every  model 
to  be  unconditionally  guaranteed  for 
one  year.  Magnets  of  higher  magneto¬ 
motive  force,  greater  rigidity  and  con¬ 
centricity  of  voice  coils  resulting  in 
smaller  air-gap  cldkrancea,  better  heat 
di^ipation  in  the  voice  coil,  diaphragms 
with  a  hii^iar  fatigue  characteristic,  and 
exclusive  *Vim  centering”  construction 
are  a  tribute  to  UNIVERSITY  design. 


UHF  Tank  Circuit 

Dear  Editor: 

Upon  reading  carefully  my  paper 
“Composite  Tank  Circuit  for  Uhf” 
which  appeared  in  Electronics  for 
September  1946,  I  find  a  number  of 
errors.  The  first  sentence  under  the 
subheading  Operating  Principle 
should  read,  “The  internal  im¬ 
pedance  of  the  tube  was  found,  by 
experimentation,  to  be  capacitive 
(instead  of  inductive)  at  lower  fre¬ 
quencies,  but  to  become  capacitive 
(not  inductive)  as  the  upper  fre¬ 
quency  limit  of  the  tube’s  oscillat¬ 
ing  range  was  approached.” 

The  first  sentence  of  the  follow¬ 
ing  paragraph  should  conclude, 
“.  .  .  the  necessary  inductive  reac¬ 
tance.”  The  next  to  last  sentence 
in  the  same  paragraph  should  read 
in  part,  “.  .  .  input  to  the  grid-plate 
is  inductive,  the  line  must  present 
a  capacitance  .  .  .”. 

In  Table  I,  the  first  wavelength 
given  for  the  tube  type  1628  should 
be  49  cm  rather  than  69.  In  Eq.  4, 
a  numeral  one  was  omitted 
before  the  plus  sign  in  the 
denominator.  In  the  following 
paragraph  the  sentence  beginning, 
“If  O'  =  0,  .  .  .”  should  read,  “.  .  . 
which  was  before  less  than  .  . 

P.  L.  Bargelilini 

Florence,  Italy 


JONES  SOO  SERIES 
PLDOS  and  SOCKETS 

(HaoTT  Duly)  - 


DMtgnodforSOOO 
Vote  and  S5  om- 
poros  con- 
tact.  Sodcot  Coo- 
tocte  of  phosphor 
bronso.  kalfo- 
•  switch  typo.  sU- 

vor  pkxtsd.  Phiq 
Contacts  ora  of 
hord  brass,  sll- 
^  vor  plotod.  Made 

P40t-CE  in  2.  4.  t.  t.  10 

ond  12  Contacts.. 
AU  Plnqs 
Bockots 

larisod.  Long 
loakago 
from  Tormlnal 
to 

Toimlnol  to 
ground.  Caps 
8-50i-DB  Bracksts 

oro  of  stooL  porkorltod.  Plug  emd  Sodist 
blocks  Intorchangooblo  in  Caps  and 
Broekots.  This  sorios  Is  dosignod  for  hoovy 
duty  oloctrlccd  worit  and  wUl  withstand 
sovoroot  typo  of  sorvlco. 

Wfllo  for  BunoSn  No.  500  doscilbing  this 
Bno  ol  Hoovy  Duty  Plugs  and  floats. 


There  are  many  kinds  for 
special  uses,  such  as  appli¬ 
cations  calling  for  resistance 
to  electricity,  heat,  moisture, 
chemicals  or  weathering 
agents.  There  ore  more  than 
a  score  of  formulas  in  ac¬ 
tual  production  at  one  time 
in  our  factory. 

Send  for  “A  Brief  Survey 
of  Technical  Characteristics 
of  molded  Ceramic  Prod' 
nets."  It  is  right  to  the  point. 


The  STAR 
PORCELAIN  CO 


Eloetrooics  Dopt. 

Trenton  9,  N.  J 
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PLYINO  SKYWIIIS  . Cov«r 

Douglas  DC3  aircraft  for  axacutivat,  showing  just  a  faw  of  its  many  antannas  for  communication  and  navigalfon 

pec  VtIWS  TELEVISION  ADVANCES.  . .  SO 

'  Color  vs  black-and'whita  contost  sharpens  as  industry  damonstratas  competing  equipment 

HEATING  UlTH  MICROWAVES,  by  J.  Mareem  aad  T.  P.  Klea  .  12 

Methods  utilising  waveguides  for  applying  energy  to  moving  or  stationary  materials 

UHF  TELEVISION  RELAY  SYSTEM,  by  Wlltea  leethreyd . M 

F'l^equipment  operating  on  1,350  me  is  usaful  for  intercity  multiple  relay  work  or  studio-transmitter  link 

PRODI^CTION*  TESTING  OP  TACHOMETERS,  by  Herbert  P.  Stone  .  T2 

Power  for  the  calibration  of  instruments  at  21  test  speeds  is  ganarated  electronically 

Radio  dispatching  por  taxicars . V7 

Rates  are  reduced,  income  Is  increased  and  equipment  costs  are  amortised  rapidly 

TELEMETERING  PROM  V-X  ROCKETS,  by  V.  L  Heeren,  C.  H.  Hoeppeer.  J.  R.  Koeke,  S.  Uehtieae.  P.  R.  ShlAett.  .100 

Time-modulated  pulse  system  in  nose  of  rocket  telemeters  23  readings  to  ground  over  1,000-mc  radio  link 

SURMINIATURE  ELECTROMETER  TUIE,  by  C.  D.  Gould . 10« 

Tetrode  having  very  high  input  resistance  is  used  in  portable  x-ray  radiometer 

-  TIMER  POR  DIECASTING  MACHjNE,  by  Gerald  DoLong . 110 

Cooling  of  metal  in  25  molding  machines  is  controlled  by  simple  electronic  circuit 

EXPERIMENTAL  C-R  TURES  POR  TELEVISION . 112 

Greater  screen  brightness,  all-electronic  color  tube,  and  optical  relaying  developments 

ULTRASONIC  GARAGE-DOOR  OPENER,  by  Roloy  A.  Andrews . 114 

Inaudible  vacuum-type  whistle  on  car  actuates  crystal  microphone  feeding  amplifier  and  relay  in  motor  circuit 

P-M  CYCLOTRON  . Ilf 

World's  largest  cyclotron  accelerates  electrons  to  nearly  the  spaed  of  light 

e.  PREDETERMINED  COUNTERS,  by  John  J.  Wild . 120  ' 

^  Switches  Insert  predetermined  starting  count  as  require  d  for  industrial  counting,  batching,  timing,  and  totalising 

*;  PULSE-MODULATED  OSCILLATOR,  by  Allan  Easton . 124 

^  Circuit  for  generating  sweep-calibrating  and  marking  signals  of  uniform*  amplitude 

STAPLE  VOLTMETER,  by  R.  W.  Gilbert .  . 130 
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